mmmmmmm 


^ 


ii 


j{ 


i\ 


•)»  ■>» )» ■») )» )» ■>»  ■») )» ■»? )»  »)  -Wi^ 

I 


NORTHEASTERN 

UNIVERSITY 

LIBRARY 


GIVEN  BY 


Dr.  Carl     S.    PU 


^«(  <«  «(  «(  «(  «(  «(■(«■  «((««C«<«<<i^ 


ENGINEERING  SERIES 


EDITED  BY 


ANDREY  A.  POTTER,  Eng.D. 

DEAN  OF  THE  SCHOOLS  OF  ENGINEERING,  AND 

DIRECTOR  ENGINEERING  EXPERIMENT 

STATION,  PURDUE  UNIVERSITY 


THE  ENGINEER 


HIS  WORK  AND  HIS  EDUCATION 


BY 


ROBERT  LEMUEL  SACKETT,  C.  E. 

DEAN  OF  ENGINEERING,  THE  PENNSYLVANIA  STATE  COLLEGE 


GINN  AND  COMPANY 

BOSTON    •    NEW  YORK    •    CHICAGO    •    LONDON 
ATLANTA    •    DALLAS    •    COLUMBUS    •    SAN  FRANCISCO 


COPYRIGHT,  1928,  BY  ROBERT  LEMUEL  SACKETT 
ALL  RIGHTS  RESERVED 

PRINTED  IN  THE  UNITED  STATES  OF  AMERICA 

328.8 


tKfft  satfitnitnm  3^tte8 

GINN  AND  COMPANY  •  PRO- 
PRIETORS •  BOSTON  •  U.S.A. 


PREFACE 

This  book  is  dedicated  to  those  who  are  considering 
engineering  as  a  life  work.  Over  fifty  thousand  stu- 
dents are  now  studying  engineering  in  colleges  and 
universities  of  the  United  States,  and  about  fifteen 
thousand  are  each  year  entering  such  training  courses. 

They  should  know  something  about  engineering  as 
a  profession  and  about  the  college  course  which  helps 
them  to  prepare  for  it.  The  recent  investigation  of 
engineering  education  carried  out  with  the  support 
of  the  Carnegie  Corporation  through  the  initiative  of 
the  Society  for  the  Promotion  of  Engineering  Educa- 
tion has  disclosed  that  too  frequently  the  applicant 
for  an  engineering  course  has  an  erroneous  or  a  very 
vague  notion  of  the  nature  of  engineering  practice. 

This  investigation  showed  that  something  should 
be  done  to  guide  the  boy  to  make  a  wise  decision  in 
choosing  a  life  work.  A  number  of  valuable  pam- 
phlets have  been  prepared  by  various  institutions  for 
the  use  of  high-school  boys,  their  parents,  teachers, 
principals,  and  superintendents.  The  writer  edited  one 
of  these  and  found  a  large  demand  for  it.  Other  in- 
stitutions have  had  similar  experience.  There  are  a 
number  of  books  on  this  subject,  but  the  investigation 
referred  to  above  has  made  available  a  large  amount 
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of  new  information  bearing  on  the  subject  "Who 
should  study  Engineering."  The  usefulness  of  a  short 
guide  is  obvious. 

Acknowledgment  is  due  to  the  Society  for  the 
Promotion  of  Engineering  Education,  and  to  the  di- 
rector, W.  E.  Wickenden,  for  permission  to  use  the 
results  of  its  survey;  to  members  of  the  faculty  of 
the  Engineering  School  of  Pennsylvania  State  College, 
who  devoted  time  to  the  preparation  of  a  pamphlet  of 
merit ;  to  Dr.  E.  D.  Ries  of  the  School  of  Chemistry  and 
Physics,  who  wrote  the  section  on  Chemical  Engineer- 
ing ;  to  Dean  A.  A.  Potter  of  Purdue  University,  and 
to  others  who  criticized  portions  of  the  manuscript. 

R.  L.  SACKETT 
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THE  ENGINEER :  HIS  WORK  AND 
HIS  EDUCATION 

CHAPTER  I 
THE  SELECTION  OF  A  VOCATION 

The  selection  of  a  vocation  is  made  by  the  majority 
of  young  people  while  they  are  still  in  high  school  and 
before  they  have  had  much  experience  in  or  observa- 
tion of  modern  business  or  industrial  occupations. 

If  they  seek  employment,  there  is  a  broad  field  from 
which  to  choose,  such  as  mercantile,  shop,  and  factory 
occupations,  the  building  trades,  salesmanship,  and 
many  others.  Each  field  is  divided  into  several  parts, 
and  seeks  young  men  who  are  quick  and  eager  to  learn, 
ambitious,  honest,  and  loyal.  Each  offers  an  oppor- 
tunity for  the  right  kind  of  ability  and  personality. 
The  numerous  captains  of  business  and  industry  prove 
that  where  there  are  skill  and  will,  there  is  a  way  up. 

If  the  high-school  graduate  decides  to  go  to  college, 

he  is  faced  here  too  with  the  necessity  of  choosing  from 

a  wide  variety  of  courses  or  curricula,  each  with  its 

special  requirements  and  purposes.   If  he  looks  ahead, 

he  finds  a  confusing  number  of  vocations  and  special 
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subdivisions  of  each,  which  make  his  choice  still  more 
difficult.  It  is  therefore  very  important  that  informa- 
tion should  be  available  which  will  help  the  prospective 
engineer  to  learn  more  about  the  nature  and  essen- 
tial requirements  of  the  subjects  which  the  student 
pursues,  the  work  of  the  beginner  in  engineering,  and 
the  branches  to  which  he  may  seek  promotion. 

In  the  investigation  conducted  by  the  Society  for 
the  Promotion  of  Engineering  Education,  about  four 
thousand  students  admitted  to  curricula  in  thirty-two 
engineering  institutions  were  asked  the  basis  of  their 
decision  to  go  to  college. 

Approximately  one  half  of  the  students  indicated  that 
advice  had  been  a  factor  in  their  decision  to  go  to  college. 
On  the  other  hand  such  reasons  as  the  desire  to  earn  a  good 
living,  the  desire  for  a  higher  education  or  for  general  self- 
improvement  were  given  in  a  considerably  larger  percent- 
age of  cases.  About  four  tenths  of  the  students  indicated 
that  the  desire  to  become  an  engineer  had  been  an  impor- 
tant factor  in  their  decision. 

Advice  was  a  still  less  important  factor  in  students'  deci- 
sions to  study  engineering.  Only  24  per  cent  indicated  that 
they  had  based  this  decision  upon  the  counsel  of  others, 
and  only  5  per  cent  indicated  that  they  had  profited  by 
the  advice  of  teachers.  The  outstanding  reason  for  the 
choice  of  engineering  appears  to  have  been  its  definite 
appeal ;  second  to  that  are  such  reasons  as  the  belief  that 
an  engineering  training  promised  to  provide  a  good  living. 

In  the  selection  of  a  particular  course  of  study  it  is 
apparent  that  advice  played  very  little  part,  since 
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only  10  per  cent  of  the  students  indicated  that  advice 
of  parents,  teachers,  or  others  had  influenced  them. 

It  is  also  important  to  note  that  a  majority  of 
students  entering  engineering  courses  form  their  de- 
cisions to  go  to  college  and  to  study  engineering  at  an 
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Fig.  1.  Relative  weight  of  different  factors  in  students'  decision 
to  study  engineering 

early  date.    More  than  three  fourths  reached  a  de- 
cision to  study  engineering  before  graduating  from  \ 
high  school,  and  sHghtly  more  than  half  formed  the 
decision  before  entering  the  last  year  of  high  school. 

As  a  check  on  the  validity  of  the  basis  of  the  students' 
decision  they  were  asked  to  write  a  short  statement  of  their 
conception  of  the  field  of  engineering,  of  the  work  of  the 
engineer,  and  of  their  understanding  of  the  nature  of  the 
particular  field  of  engineering  which  they  had  elected  to 
enter.  These  papers  were  rated  by  members  of  the  faculties 
and  gave  results  indicated  in  Fig.  2  on  page  5. 
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It  appears  that  well  over  half  the  students  have  little  or 
no  conception  or  a  poor  conception  of  these  matters,  though 
they  have  formed  a  most  important  decision  on  the  basis  of 
that  conception. 

Students'  Conception  of  Engineering  as  Evidenced  Early 
IN  Freshman  Year 

Little  or  none 18.7% 

Poor 37.9 

56.6% 
Good 30.5% 

Excellent 12.9 

43.4% 

In  connection  with  this  very  significant  statement 
consider  that  these  students  have  on  the  average  ranked 
well  in  high  school.  Of  the  same  students  18  per  cent 
were  honor  students ;  42.6  per  cent  were  in  the  upper 
third ;  36.8  per  cent  were  in  the  middle  third ;  and 
only  2.6  per  cent  were  in  the  lower  third  of  their 
high-school  classes. 

Also  note  that  of  the  freshman  class  of  4079  men- 
tioned above,  some  40  per  cent  would  probably  not 
return  to  college  after  the  first  year.  This  fact  was 
determined  by  data  obtained  from  thirty-eight  rep- 
resentative institutions  which  had  investigated  the 
records  of  their  students.  There  are  a  number  of  causes 
for  this  shrinkage,  but  it  seems  safe  to  conclude  that 
ignorance  of  the  preparation,  training,  and  experience 
of  engineers  is  a  factor  of  some  importance. 

It  is  the  purpose  of  this  book  to  point  out  the 
mental  qualities  which  are  desirable  in  the  engineer- 
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ing  student;  the  aptitudes  which  are  helpful  in 
making  a  choice  of  a  course;  and  the  nature  of  the 
studies,  their  purpose,  and  the  various  kinds  of  work 
which  the  engineer  does  while  he  is  gaining  experience. 
The  author  realizes  fully  that  the  student  must 
study  himself,  his  likes  and  dislikes,  his  aptitudes  and 
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Fig.  2.  Basis  of  students'  choice  of  a  particular  course  in  engineering 

Since  students  were  permitted  to  indicate  more  than  one  basis  of  choice,  the 
total  is  more  than  100  per  cent 

personality,  and  then  make  his  choice.  No  one  can 
feel  of  his  bumps,  look  at  his  life  line  or  the  shape  of 
his  fingers,  and  select  for  him  the  work  which  he 
should  follow.  The  psychologist  has  not  yet  progressed 
to  the  point  where  tests  will  do  more  than  suggest  in 
a  broad  way  the  fitness  of  the  youth  for  specific  voca- 
tions or  professions.  The  physician,  the  lawyer,  and 
the  engineer  can  all  utilize  many  of  the  same  mental 
qualifications.   Each  may  have  mathematical  ability, 
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but  the  engineer  must  possess  it ;  each  may  be  scien- 
tific in  his  tastes,  but  the  physician  and  the  engineer 
should  be  distinctly  so;  each  should  be  judicious, 
analytical,  honest,  courageous.  An  exceptional  person- 
ality goes  a  long  way  in  any  case,  and  may  be  the 
dominant  factor  in  the  rise  of  many  men  to  executive 
positions  of  great  importance. 

Many  prominent  engineers  are  mentioned  in  Chap- 
ter III,  short  biographies  of  some  are  given  in  the 
Appendix,  for  the  purpose  of  impressing  on  the  young 
student  the  fact  that  men  have  risen  and  are  rising 
from  very  humble  beginnings  to  places  of  great  re- 
sponsibility in  the  engineering  world.  Something  of 
the  romance  of  engineering  and  of  the  service  of  en- 
gineers to  civilization  appears  through  the  sketches 
of  these  men  and  their  works.  When  time  has  cleared 
away  the  mists  that  enshroud  the  present,  historians 
will  agree  that  the  engineer  has  been  among  the  great 
benefactors  of  the  human  race. 

What  is  the  purpose  of  engineering  education? 
Some  are  born  engineers,  and  some  are  engineers  by 
virtue  of  training  and  experience.  Statistics  have 
shown  that  a  high  degree  of  intelligence  is  necessary 
if  positions  of  importance  are  to  be  obtained ;  but 
our  methods  of  determining  relative  intelligence  are 
not  perfect  and  never  will  be,  because  intelhgence  is 
too  elusive  and  too  complex  for  precise  measurement. 

Engineering  education  does  not  make  engineers,  but 
it  offers  to  those  of  good  intellectual  endowment  a 
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preparation  in  fundamental  subjects  of  study,  a  survey 
of  the  fields  of  engineering,  and  mental  discipline  in 
the  processes  of  analysis  which  the  engineer  employs. 

Experience  —  long  experience  —  is  a  necessity  be- 
fore one  becomes  an  engineer.  Engineering  education 
is  a  continuous  process,  and  experience  is  the  school- 
room. College  days  are  limited  to  four,  five,  or  six 
years  in  the  case  of  those  who  pursue  the  usual  under- 
graduate curriculum  and  one  or  two  years  of  graduate 
study.  This  is  but  the  initiation,  or  the  probationary 
period.  Only  the  fundamental  subjects  are  taught; 
the  student  is  immature,  and  has  had  little  if  any 
contact  with  engineering  practice. 

Statistics  show  that  over  50  per  cent  of  our  engineer- 
ing graduates  are  gradually  promoted  to  supervisory 
or  executive  positions.  Some  become  owners  or  part- 
ners in  an  engineering  or  industrial  business,  but  the 
average  engineering  curriculum  offers  little  training  in 
the  essential  elements  of  good  administration.  This 
ability  is  not  reducible  at  present  to  academic  terms 
and  is  largely  a  matter  of  personality. 

On  the  other  hand,  a  large  amount  of  data  collected 
in  the  course  of  three  investigations  shows  that  the 
student  who  fails  to  complete  his  undergraduate  engi- 
neering course  has  little  chance  of  becoming  a  success. 
Such  qualities  as  perseverance,  will  power,  and  person- 
ality undoubtedly  spur  many  students  of  moderate 
mental  ability  —  as  compared  with  their  fellows  —  to 
graduation  and  to  success  in  executive  positions.    It 
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would  be  a  mistake  to  conclude  that  executives  as  a 
class  were  not  able  students,  for  they  are  usually  men 
of  exceptionally  keen  minds.  But  something  more  is 
necessary,  and  this  is  personality  and  character. 

The  purposes  in  engineering  education  are  broader 
than  to  train  a  young  man  merely  for  civil  engineering 
or  for  any  other  engineering  profession :  they  are  to 
train  him  for  citizenship,  for  service,  and  for  living.  To 
this  end  there  are  courses  in  economics,  government, 
and  psychology,  and  lectures  by  visiting  engineers  who 
speak  on  the  broader  aspects  of  engineering.  Students 
are  encouraged  to  join  the  student  branches  of  the 
national  engineering  societies,  where  they  make  con- 
tact with  the  leaders  of  the  profession  and  learn  the 
ethics  of  it. 

The  code  of  the  American  Society  of  Civil  Engineers 
is  as  follows : 

American  Society  op  Civil  Engineers 
Code  op  Ethics 

It  shall  be  considered  unprofessional  and  inconsistent 
with  honorable  and  dignified  bearing  for  any  member  of 
the  American  Society  of  Civil  Engineers : 

To  act  for  his  clients  in  professional  matters  otherwise 
than  as  a  faithful  agent  or  trustee,  or  to  accept  any  remu- 
neration other  than  his  stated  charges  for  services  rendered 
his  clients. 

To  attempt  to  injure  falsely  or  maliciously,  directly  or 
indirectly,  the  professional  reputation,  prospects,  or  busi- 
ness of  another  engineer. 
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To  attempt  to  supplant  another  engineer  after  definite 
steps  have  been  taken  toward  his  employment. 

To  compete  with  another  engineer  for  employment  on 
the  basis  of  professional  charges,  by  reducing  his  usual 
charges  and  in  this  manner  attempting  to  underbid  after 
being  informed  of  the  charges  named  by  another. 

To  review  the  work  of  another  engineer  for  the  same 
client,  except  with  the  knowledge  or  consent  of  such  engi- 
neer, or  unless  the  connection  of  such  engineer  with  the 
work  has  been  terminated. 

To  advertise  in  self -laudatory  language,  or  in  any  other 
manner  derogatory  to  the  dignity  of  the  profession. 

The  young  engineer  needs  a  positive  code  of  ethics 
as  well  as  the  negative  one  given  above.  He  should 
strive  to  be  not  only  the  best  engineer  which  he  is 
capable  of  being,  but  also  a  useful  member  of  society, 
—  one  who  will  take  his  place  in  public  affairs.  To  this 
end  his  education,  not  only  while  he  is  in  college  but 
after  he  leaves  college  as  well,  his  self -education,  should 
include  more  than  just  that  which  concerns  his  job. 
His  professional  services  will  not  reach  their  full  fruition 
in  many  instances  unless  the  engineer  is  prepared  to 
be,  and  able  and  willing  to  be,  an  active  citizen  as  well 
as  an  engineer. 

The  objective  of  an  engineering  education  is  to  provide 
society  with  men  who  have  had  that  general  education  so 
aptly  formulated  by  the  Greek  philosopher  Plato  when  he 
said  that  "good  education  is  that  which  gives  to  the  body 
and  to  the  soul  all  the  perfections  of  which  they  are 
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capable,"  and,  in  addition,  have  been  trained  in  a  knowl- 
edge and  understanding  of  the  exact  sciences  through  the 
applications  of  which  they  are  enabled  to  promote  the 
physical  well-being  of  the  community.  By  their  habits  of 
exact  thinking  and  constructive  outlook,  engineers  are 
particularly  able  to  serve  as  leaders  in  public  and  private 
affairs,  because,  guided  by  truths  already  discovered, 
they  look  forward  to  find  safe  and  sound  footings  for  new 
structures,  rather  than  look  backward  at  the  cold  stones 
of  precedent.  This  pioneer  spirit,  well  grounded  and  intel- 
ligently directed,  is  the  great  asset  of  the  engineer.  ^ 
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CHAPTER  II 
ENGINEERING  AS  A  LIFE  WORK 

In  the  Middle  Ages  the  majority  of  boys  were  in- 
dentured by  their  parents  as  apprentices  to  master 
carpenters,  millwrights,  iron  workers,  goldsmiths,  or 
other  tradesmen,  whom  they  served  in  this  capacity 
for  a  period  of  four  or  more  years.  After  this  they  be- 
came ''  journeymen  "  ;  that  is,  they  were  certified  as 
skilled  artisans  and  practiced  their  trade,  many  of  them 
becoming  masters  and  employing  a  few  workers  under 
them.  Only  a  very  small  number  studied  theology; 
and  a  still  smaller  number  read  law,  or  entered  the 
office  of  a  practicing  physician  or  the  shop  of  an 
apothecary. 

The  organization  of  industry  gradually  changed 
from  the  condition  in  the  Middle  Ages,  when  the  house- 
hold arts  provided  for  the  majority  of  the  needs  of  the 
family.  New  trades  were  added,  such  as  those  of  the 
goldsmith  and  silversmith,  the  weaver,  the  wheel- 
wright, and  the  millwright.  Although  a  number  of 
apprentices  and  journeymen  might  be  employed  by  a 
master,  the  relation  of  master  and  servant  was  com- 
paratively intimate  and  simple. 

It  was  not  until  the  steam  engine,  the  power  loom, 

the  machine  tool,  the  power  hammer,  the  steam  loco- 
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motive,  and  steel  came  into  use  that  the  organization 
of  industry  began  to  change  radically.  Invention,  im- 
proved transportation,  and  communication  brought 
more  distant  markets,  created  new  demands,  and  led 
to  larger  numbers  of  employees  in  one  organization. 
The  division  of  labor,  automatic  machinery,  piece 
work,  and  increased  production  lowered  costs;  they 
created  capital  and  required  supervision.  These  changes 
demanded  design,  economy,  planning,  engineering, 
financing,  management. 

Today  a  considerable  percentage  of  high-school  stu- 
dents plan  to  enter  a  college  or  university  with  the 
intention  of  preparing  for  a  life  work  in  theology,  law, 
medicine,  business,  industry,  education,  agriculture, 
pure  science,  or  engineering.  Each  of  these  fields  is 
divided  into  a  number  of  specialties  which  still  further 
complicate  the  choice. 

Furthermore,  the  increase  in  the  size  of  cities,  to- 
gether with  the  provision  of  light,  water,  milk,  food, 
and  clothing  by  organized  business,  leaves  few ''  chores  " 
for  the  father  to  do  and  fewer  tasks  for  the  boy.  The 
latter  has  small  experience  on  which  to  base  a  choice, 
and  fewer  opportunities  to  obtain  contacts  with  differ- 
ent industries  or  to  gain  manual  skill,  which  is  useful, 
though  not  as  significant  as  it  was  before  the  industrial 
age  in  which  we  now  live. 

Skilled  artisans  are  still  needed  in  the  building  trades, 
in  wood  and  metal  manufacturing,  in  machine  and  en- 
gine building.   Draftsmen  are  required  in  all  kinds  of 
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metal-working  industries,  where  old  designs  are  being 
remodeled  or  new  designs  added.  In  building  contract- 
ing and  bridge  construction,  foremen  are  in  constant 
demand,  and  there  is  opportunity  for  promotion  for 
those  who  show  skill  and  have  the  right  kind  of  person- 
ality. These  vocations  should  not  be  overlooked  by 
the  high-school  boy  as  he  surveys  life  and  seeks  for 
his  place. 

For  those  who  are  considering  some  phase  of  engi- 
neering, experience  of  almost  any  kind  in  the  summer 
and  during  odd  hours  is  desirable.  Selling  newspapers, 
magazines,  aluminum  ware,  brushes,  —  anything,  — 
gives  the  boy  a  knowledge  of  what  earning  money 
means  and  requires.  It  develops  also  a  knowledge  of 
people  and  how  to  approach  them.  It  requires  pleas- 
ing manners  and  a  good  disposition.  Experience  on 
surveying  corps,  on  highway  construction,  in  the  shop, 
in  industry,  is  valuable  for  the  information  gained  and 
for  the  human  contact  which  stabilizes  the  individual 
and  gives  him  a  sense  of  economic  independence. 

The  investigation  of  engineering  education  recently 
made  shows  that  employment  before  entering  college 
is  rather  general  among  engineering  students.  The 
evidence  gathered  from  over  four  thousand  freshmen 
in  thirty-two  engineering  schools  and  colleges  showed 
that  90  per  cent  of  them  had  worked  during  the  pre- 
ceding year,  and  that  their  average  earnings  were  $417 
and  their  average  savings  $219,  —  enough  in  many 
colleges  to  pay  for  their  tuition  and  books  for  the  first 
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year.  This  thrift  is  to  be  commended.  It  shows  also 
that  boys  can  and  do  go  to  college  from  families  of 
modest  income,  where  work  is  looked  upon  as  both 
natural  and  dignified.  Many  engineering  schools  re- 
quire the  student  to  work  part  time  during  his  course 
or  during  his  summers  as  a  preparation  for  graduation. 
He  must  obtain  the  approval  of  his  employers,  showing 
that  he  is  diligent  and  punctual,  is  improving  in  skill, 
and  is  able  to  work  with  others. 

To  the  young  man  in  high  school  or  in  preparatory 
school  one  of  the  questions  which  he  must  confront  and 
which  must  be  answered  in  the  majority  of  cases  is 
'*  What  am  I  going  to  do?"  "Shall  I  become  a  lawyer, 
a  doctor,  an  engineer?"  or  "For  what  am  I  best 
fitted?" 

"Which  pays  best?"  In  many  cases  the  boy  and 
even  his  parents  assume  that  he  can  do  anything,  and 
one  thing  as  well  as  another ;  hence  the  main  question 
is  "What  pays  best?"  The  fact  is  that  environment 
or  the  work  which  his  father,  brother,  or  friends  do, 
his  early  experiences,  his  contacts  with  men  and  ma- 
chines, or  even  his  play  may  influence  his  tastes  and 
his  aptitudes  and  make  it  highly  desirable  that  he 
should  choose  one  life  work  rather  than  another. 

Bishop  Charles  Lewis  Slattery,  of  Boston,  said  in  the 
Harvard  Alumni  Bulletin  for  January  7,  1926 : 

In  the  first  place,  you  ought  not  to  choose  any  vocation 
because  you  think  that  you  can  earn  your  living  by  it. 
Again  and  again,  I  come  in  contact  with  men  who  tell  me 
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that  they  have  started  out  in  life  merely  with  the  idea  of 
getting  a  living.  They  see  people  living  on  a  certain  scale, 
and  they  would  like  to  live  just  about  as  these  people  are 
living;  they  wish  to  get  married,  for  instance,  and  they 
wish  to  have  a  home ;  so  they  look  about  for  something 
which  will  give  them  enough  income  to  support  a  family 
with  what  they  believe  will  be  sufficient  comfort. 

That  is  the  wrong  way  to  start.  You  want  a  living,  of 
course,  and  you  will  get  a  living  if  you  have  the  right  voca- 
tion. But  you  court  failure  in  life  if  you  think  first  of 
getting  a  living.  You  must  choose  a  life-work  in  and  for 
itself ;  whether  it  will  give  you  a  large  or  a  small  income 
is  immaterial.  Your  first  task  is  to  find  something  which 
will  so  arouse  your  enthusiasm  that  you  feel  that  you 
could  not  do  anything  else  and  be  really  happy. 

It  is  quite  human  to  ask  whether  a  certain  field  offers 
profitable  employment.  Few  would  have  the  courage 
deliberately  to  select  a  profession  for  which  there  was 
no  demand.  In  general  there  is  a  place  for  the  earnest, 
capable  graduate  in  almost  any  field  of  science  and  its 
applications.  Data  will  be  presented  later  which  show 
the  earnings  of  engineering  graduates. 

Each  student  should  capitalize  his  talent  by  training 
it  at  the  same  time  that  he  is  obtaining  a  broad  edu- 
cation. But  many  students  have  not  yet  discovered 
their  talent.  How  can  they  find  their  bent,  their  abil- 
ity, the  kind  of  work  which  they  can  probably  do  to 
the  best  advantage  and  with  the  greatest  satisfaction  ? 

Aptitude.  This  is  a  natural  or  acquired  ability  to  do 
certain  things  better  than  certain  very  different  things. 
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Not  all  students  are  excellent  in  mathematics,  and  not 
all  are  skillful  in  using  tools.  By  the  time  high  school 
is  reached  some  have  shown  a  keener  interest  in  one 
subject  than  in  another  and  have  attained  a  greater 
degree  of  skill  in  learning  the  subject  which  they  prefer. 
Certain  forces  have  been  at  work,  of  which  we  may  be 
unconscious  and  which  determine  the  field  of  our  great- 
est aptitude.  Other  things  being  equal,  the  field  of  our 
greatest  interest  and  aptitude  is  the  desirable  one  to 
pursue  unless  handicaps  of  health  or  other  factors  com- 
pel one  to  struggle  to  develop  new  aptitudes  and  new 
skill.  To  succeed  in  a  radically  different  occupation 
requires  time,  sacrifice,  and  unusual  will  power.  On 
the  whole,  the  boy  should  pursue,  if  possible,  that  for 
which  he  seems  best  fitted.  There  he  should  succeed 
best,  be  happiest,  and  be  of  the  greatest  service.  The 
question  is  not,  then,  ''What  pays  best?"  but  "For 
what  am  I  best  suited?'' 

Determining  aptitude.  It  is  easy  for  some  boys  to 
decide  on  their  life  work.  The  answer  comes  naturally 
and  without  conscious  effort ;  the  decision  is  made 
when  the  time  comes  to  make  it.  The  father  is  an 
engineer;  the  son  has  absorbed  much  of  the  nature 
of  the  problems  dealt  with,  senses  in  an  indefinable 
way  the  importance  of  mathematics,  of  experience,  of 
careful  judgment,  and  decides  to  be  an  engineer.  In 
another  case,  however,  the  father  may  not  recommend 
his  work  to  his  son.  The  latter  has  had  very  little  ex- 
perience with  any  kind  of  job  and  does  all  his  lessons 
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in  merely  passable  fashion.  To  determine  what  life 
work  to  select  is  a  difficult  and  an  important  problem 
to  which  the  father,  the  teachers,  and  the  boy  should 
apply  themselves. 

Various  kinds  of  aptitude.  Every  normal  boy  is  in- 
terested in  engines,  automobiles,  radio,  aviation.  He  is 
curious  to  know  how  a  motor  works.  This  may  mean 
much  or  little.  Many  boys,  and  men  too,  upon  seeing 
a  wireless  set  can  make  a  similar  one.  This  may  show 
manual  skill  and  a  capacity  to  imitate,  but  it  does  not 
signify  a  particular  aptitude  for  radio  engineering. 
Some  boys  enjoy  manual  training  in  school,  become 
skilled  in  using  tools,  are  ''handy"  ;  but  this  by  itself 
does  not  indicate  an  aptitude  for  engineering.  It  is  a 
useful  trait,  but  not  a  criterion. 

The  power  of  the  locomotive,  as  it  thunders  by  at 
a  speed  of  sixty  or  seventy  miles  an  hour,  thrills  the 
average  boy.  The  speed  of  the  airplane  has  a  strong 
attraction  for  him ;  but  something  more  than  curios- 
ity, power  to  imitate,  and  thrill  is  necessary  in  the 
make-up  of  the  engineer.  We  shall  speak  of  the  ro- 
mance of  engineering  later  on ;  but  just  now  we  must 
face  the  cold,  hard  facts. 

In  the  first  place,  no  set  of  intelligence  and  aptitude 
tests  has  yet  been  developed  on  which  teachers,  par- 
ents, or  students  can  depend  to  determine  for  which  of 
a  thousand  vocations  a  boy  is  best  adapted.  We  know 
from  experience  that  only  those  who  have  ranked  in 
the  top  third  in  their  high-school  grades  stand  a  good 
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chance  of  succeeding  in  an  engineering  course.  There 
are  exceptions,  but  they  are  comparatively  few  in  pro- 
portion to  the  total.  At  the  same  time,  the  special 
abilities  which  so  largely  influence  success  in  the  ma- 
jority of  vocations  have  not  yet  been  satisfactorily 
analyzed,  much  less  measured.  The  intangible  factors 
of  interest,  will  power,  social  adaptability,  leadership, 
and  personality  are  still  less  subject  to  exact  determi- 
nation, although  their  combined  influence  upon  voca- 
tional success  is  very  great.  One's  general  ability  may 
fit  him  equally  for  success  in  a  dozen  different  voca- 
tions, and  in  this  case  the  ultimate  choice  should  de- 
pend upon  practical  considerations,  natural  interests, 
and  various  traits  of  personality.^ 

Considerable  progress  in  the  study  of  aptitude  has 
been  made  since  the  foregoing  statement  was  written ; 
but  the  conclusion  remains,  and  the  general  effect  of 
recent  tests  is  to  eliminate  rather  than  to  select.  Un- 
doubtedly, in  time,  advance  will  be  made  in  measuring 
occupational  fitness  or  intelligence;  and  when  that 
time  comes,  such  measurement  will  be  of  the  greatest 
value  in  vocational  guidance. 

Tests  to  apply.  Do  you  really  Hke  mathematics? 
Are  you  good  in  science,  so  far  as  you  have  studied  it  ? 
Do  you  enjoy  drawing? 

Mathematics  is  the  most  valuable  tool  which  the 
engineer  uses.   He  employs  it  in  one  form  or  another 

1  Lewis  M.  Terman  (Stanford  University,  California),  The  Intelligence  of 
School  Children.    1919. 
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in  all  his  designs,  and  life  depends  on  the  correctness 
of  his  figures.  He  plans  a  bridge,  which  means  not 
merely  that  a  few  lines  are  drawn  but  that  careful  cal- 
culations, some  simple  and  some  complex,  must  be 
made,  and  made  accurately.  Bridges  cost  money,  and 
the  expense  must  be  kept  low.  At  the  same  time,  the 
bridge  must  be  safe,  and  its  safety  depends  on  the  accu- 
racy of  the  computations  by  which  the  sizes  and  shapes 
of  columns  and  girders  are  determined. 

Not  only  is  mathematics  important  as  a  tool  but  it  is 
a  valuable  form  of  mental  discipline.  It  teaches  careful 
reasoning  and  painstaking  accuracy.  Therefore  the 
usual  engineering  course  in  college  contains  a  large 
amount  of  mathematics  and  mathematical  discipline. 
Some  things  are  done  by  ''cutting  and  trying";  but  a 
mathematical  mind  is  a  logical  mind,  and  proceeds  by 
argument  from  one  step  to  the  next.  Some  students 
try  to  memorize  geometry,  trigonometry,  and  the  suc- 
ceeding mathematics.  A  good  memory  is  a  great  asset 
to  anyone,  and  certain  facts  and  definitions  must  be 
remembered ;  but  the  essential  steps  in  mathematics 
depend  upon  a  clear  perception  of  the  reasoning  which 
connects  the  premise  with  the  first  step  and  that  with 
the  next  step. 

Do  you  like  science,  especially  physics?  Science  is 
the  orderly  arrangement  of  facts  from  which  natural 
laws  are  induced.  In  physics  the  student  learns  the 
laws  of  gravitation  —  of  falling  bodies  —  and  the  laws 
under  which  all  kinds  of  motion  take  place.   What  is 
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force  and  how  is  it  measured?  The  laws  governing 
forces  lie  at  the  very  root  of  many  branches  of  engineer- 
ing. Roof  trusses,  bridges,  arches,  boilers,  engines,  air- 
planes, ships,  motors,  electrical-transmission  lines, — 
all  depend  for  their  safe  and  economical  design  and 
construction  on  the  laws  of  force,  —  on  physical  laws, 
or  natural  laws  (that  is,  the  laws  of  nature).  Therefore 
it  is  important  that  the  boy  who  intends  to  take  an 
engineering  course  should  like  physics  and  make  good 
grades  in  it. 

Chemistry  is  the  foundation  of  the  study  of  metals 
and  their  alloys,  or  metallurgy,  and  of  the  composition 
of  fire  brick,  tile,  and  other  clay  and  shale  products.  It 
is  necessary  also  in  the  study  of  petroleum,  gas,  and 
coal.  The  geologist  needs  chemistry.  The  chemical 
industries,  such  as  those  which  manufacture  dyes, 
paints,  drugs,  and  other  chemicals,  depend  on  it  as  a 
foundation.  The  boy  who  intends  to  enter  any  of  these 
fields  should  enjoy  chemical  theory  and  the  laboratory. 

In  a  previous  paragraph  it  was  stated  that  skill  with 
tools  does  not  signify  ability  to  succeed  in  a  college 
engineering  course.  This  needs  to  be  discussed  further 
in  order  that  it  may  be  clearly  understood. 

The  creative  instinct.  The  engineer  is  a  builder,  a 
creator,  and  should  have  the  creative  instinct.  If  you 
like  to  ''make  things"  it  is  of  significance.  But  many 
boys  use  tools  with  more  or  less  effect.  Some  use  them 
indifferently  and  with  no  set  aim  or  purpose.  Others 
plan  to  make  a  water  wheel,  draw  it,  measure  the  parts 


ENGINEERING  AS  A  LIFE  WORK  21 

carefully,  and  finish  the  job.  This  is  indicative  of  the 
creative  instinct,  but  it  may  be  applied  on  the  farm  or 
in  a  variety  of  other  occupations.  The  engineer  should 
have  it  in  a  pronounced  degree,  but  by  itself  it  does  not 
mark  one  as  an  embryo  engineer. 

Curiosity.  We  have  said  that  most  boys  are  curious 
to  know  how  to  run  an  automobile,  a  radio  set,  a 
motor,  or  any  other  unfamiliar  machine.  Many,  how- 
ever, have  no  desire  to  know  more  than  how  it  works. 
The  engineer  desires  to  know  how  apparatus  works, 
and  he  should  be  deft  or  skillful  in  handling  machin- 
ery. But  even  more  important  is  the  desire  to  know 
why  it  works.  In  other  words,  the  engineer  must  be 
keenly  interested  in  the  principles  on  which  instru- 
ments, apparatus,  and  engines  operate. 

It  is  therefore  important  that  you  ask  yourself  and 
answer  honestly  the  question  ''Do  I  really  want  to 
know  why?"  If  you  are  satisfied,  in  taking  a  clock  to 
pieces,  to  see  of  what  it  is  made,  that  signifies  very 
little.  Everybody  does  it.  But  if  you  can  put  it  to- 
gether, make  it  run,  and  find  out  why  it  works,  that  is 
indicative  that  you  possess  one  quality  which  the  engi- 
neer should  have.  It  has  been  said  that  there  will 
always  be  a  place  for  the  man  who  knows  how  to  run 
machinery,  but  that  the  man  who  knows  why  it  runs 
will  be  his  boss.   Think  it  over. 

Imagination.  Another  desirable  quality  is  that  which 
is  called  imagination.  Read  Victor  Hugo's  description 
of  the  battle  of  Waterloo  in  ''Les  Miserables."    Can 
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you  picture  the  movements  of  the  troops  of  Napoleon 
and  Wellington  and  see  the  succeeding  formations  as 
the  combatants  approach  and  engage  in  battle?  Do 
you  naturally  picture  in  your  mind  the  battlefield 
and  the  actions  taking  place  ? 

This  is  an  important  quality ;  for  the  engineer  must 
be  able  to  imagine  the  finished  building,  machine,  en- 
gine, or  power  plant  from  the  drawings.  His  mind  is 
the  telescope  through  which  he  looks  ahead  and  sees 
the  steps  in  the  design,  construction,  and  operation 
of  a  machine  or  of  an  assembly  of  such  apparatus  as 
constitutes  a  power  plant.  A  noted  engineer  took 
the  contract  for  furnishing  air-brake  apparatus  for  the 
Manhattan-Brooklyn  subway  system  before  the  ap- 
paratus had  been  designed.  The  brake  equipment 
was  then  designed,  built,  and  put  into  operation.  It 
worked  successfully,  although  it  embodied  new  ideas. 
The  engineer  knew  the  fundamental  principles  and 
saw  in  his  mind  the  details  of  design,  the  difficulties  of 
manufacture,  and  the  usual  causes  of  failure  in  oper- 
ation. His  imagination  was  trained  to  see  ahead ;  it 
was  a  factor  in  his  success. 

If  you  like  mathematics,  physics,  and  chemistry,  if 
you  enjoy  planning  and  carefully  making  things,  if 
you  have  a  natural  desire  to  know  why,  —  that  is,  to 
know  the  principles  on  which  an  apparatus  operates,  — 
if  you  have  imagination,  then  you  have  the  quahties  of 
a  good  engineer,  and  their  possession  is  a  strong  indi- 
cation of  aptitude  for  engineering.  To  conclude,  then, 
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the  engineer  must  have  imagination;  he  must  also 
be  accurate  in  thought,  have  capacity  for  sound  judg- 
ment, be  ingenious,  have  a  scientific  curiosity,  a  desire 
to  create,  and  in  addition  he  should  possess  the  highest 
integrity  of  character. 

Engineering  functions.  The  field  of  engineering  is 
divided  into  several  branches,  among  which  are  archi- 
tectural, civil,  and  electrical  engineering.  In  addition, 
each  of  these  is  characterized  by  a  variety  of  functions 
which  may  be  classed  as  design,  manufacturing,  con- 
struction, sales,  operation,  administration,  and  research. 
It  is  desirable  that  they  be  defined  so  that  the  student 
may  consider  his  aptitude  and  ability  in  each.  When 
he  enters  engineering  employment,  he  will  be  assigned 
to  one  of  these  functional  divisions,  or,  in  the  cadet 
courses  provided  for  the  early  training  of  graduates,  he 
may  have  experience  in  each  of  several  functional  divi- 
sions of  the  plant. 

1.  Design.  This  includes  the  calculation  of  dimen- 
sions ;  the  selection  of  materials ;  the  specification  of 
parts  and  of  completed  structures;  the  preparation 
of  practical,  economic  plans  for  machinery,  buildings, 
bridges,  power  plants,  railways.  It  is  creative  work,  — 
not  drafting. 

2.  Manufacture.  This  is  the  execution  of  the  plans  of 
the  designer.  It  includes  the  determination  of  proc- 
esses of  manufacture  and  the  selection  and  operation 
of  tools.  Factory  planning  and  works  management  are 
also  important  features. 
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3.  Construction.  Construction  of  power  plants,  trans- 
mission lines,  railroads,  bridges,  water,  sewerage,  and 
lighting  systems,  and  public  works,  as  well  as  the  in- 
stallation of  machinery  and  apparatus,  are  included 
under  this  function. 

4.  Sales.  This  includes  selling  machinery  or  power 
service,  giving  technical  advice  to  the  purchaser,  and 
helping  him  to  solve  his  engineering  problems. 

5.  Operation  and  maintenance.  Operation  and  main- 
tenance of  power  plants,  manufacturing  plants,  rail- 
roads, transmission  systems,  and  water  works  are 
important  supervisory  functions.  Service  work  and 
plant  repairs  are  also  included. 

6.  Administrative  and  executive  functions.  These  in- 
clude executive  responsibilities  in  directing  public 
utilities,  technical  industries,  municipalities,  and  engi- 
neering corporations. 

7.  Research.  In  this  field,  studies  are  made  in 
laboratories  to  find  new  materials,  to  develop  better 
ways  of  making  things,  or  to  find  the  laws  which 
will  explain  physical,  chemical,  or  other  phenomena. 
The  purpose  is  first  to  find  out  why  and  then  to  de- 
velop something  new,  or  to  find  a  cheaper  or  better 
way  of  making  a  device,  product,  or  material.  (See 
Chapter  XIII.) 

Personal  qualifications.  We  assume  that  the  high- 
school  student  who  is  considering  his  fitness  for  engi- 
neering will  possess  the  fundamental  requirements  for 
success  in  any  honorable  calling,  such  as  excellent 
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moral  standards,  high  ideals,  self-discipline,  industry, 
initiative,  and  judgment. 
The  other  qualities  may  be  divided  into  three  groups : 

1.  Technical 

Outstanding  ability  in  mathematics  and  the  physical 

sciences 
An  analytical  mind,  capable  of  critically  studying 

technical  problems  and  of  arriving  at  their  correct 

solution 
Interest  in  abstract  and  difficult  problems 
An  inquisitive  mind  which  seeks  reasons  for  all  things 
Enjoyment  in  working  with  inanimate  things 
Originality  of  thought  and  action 
A  thorough  knowledge  of  the  theoretical  side  of 

engineering 

2.  Physical 
Good  health 
Endurance 

Neatness  of  appearance  and  dress 

Freedom  from  physical  deformities  or  handicaps 

Physical  activity 

3.  Social 

Ability  to  make  friends  quickly 

Ability  to  make  favorable  first  impressions 

Desire  for  companionship 

Conversational  ability 

Breadth  of  interests 

Elements  of  leadership 
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High  technical  qualifications  are  of  great  importance 
to  the  design  and  research  types  of  engineers.  Good 
physical  qualities  are  important  to  the  manufacturing, 
the  construction,  and  the  operating  engineer.  Social 
qualities  are  helpful  to  all  branches  of  the  profession. 

DOES  AN  ENGINEERING  EDUCATION  PAY? 

The  cost  of  a  college  year  in  engineering  varies  with 
the  tuition  charged  and  the  habits  of  the  student. 
From  $600  to  $1000  per  year  is  probably  representa- 
tive. If  we  take  $800  per  year  as  an  average,  the  capital 
cost  is  $3200,  plus  interest  at  6  per  cent  for  3|,  2|,  1  J, 
and  J  years.  Compounded  annually  this  amounts  to  a 
total  of  $3600.  In  addition  there  is  the  loss  of  earnings 
during  the  four  school  years,  amounting  to  an  esti- 
mated $6000,  less  cost  of  living  and  with  interest  on 
the  savings ;  say,  a  net  loss  of  $4000.  The  total  invest- 
ment is  therefore  roughly  $7600,  less  earnings  in  the 
summer  (which  we  may  omit  from  consideration). 

Will  this  sum  be  recovered  ?  If  so,  how  long  a  period 
is  necessary  before  paying  off  the  debt,  and  how  will 
the  college  graduate  compare  with  the  high-school 
graduate  who  enters  industry  or  engineering  after  each 
has  worked  five,  ten,  fifteen,  or  twenty  years?  The 
answer  is  that  it  depends  on  the  boy. 

The  investigation  by  the  Society  for  the  Promotion 
of  Engineering  Education  previously  referred  to,  and 
others  conducted  by  different  engineering  colleges,  show 
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that  the  college  graduate,  like  his  non-college  compet- 
itor, varies  in  income  according  to  his  ability,  person- 
ality, ambition,  and  willingness  to  work  and  to  take 
responsibility.  Chance  plays  a  small  part  in  the  result. 
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Fig.  3.  Earnings  of  engineering  graduates 

Earnings  of  graduates.  Information  from  over  five 
thousand  graduates  of  more  than  forty  institutions  in 
the  United  States  and  Canada  was  plotted,  and  from 
it  were  constructed  the  curves  shown  in  Fig.  3,  which 
show  the  relation  between  annual  earnings  and  the 
number  of  years  since  leaving  college. 

The  earnings  of  recent  graduates  seem  to  increase  stead- 
ily and  satisfactorily,  their  progress  being  approximately 
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three  hundred  dollars  per  year  in  annual  salary,  as  shown 
by  the  following  table : 

Median  Earnings  of  Recent  Graduates 

Per  Month  Per  Year 

Immediately  after  graduation $123  $1476 

Six  months  after  graduation       133  1596 

Twelve  months  after  graduation 150  1800 

Twenty-four  months  after  graduation 175  2100 

The  progress  of  older  graduates  seems  fair,  though  the 
rate  of  increase  of  the  early  years  is  not  maintained. 

There  do  not  seem  to  be  extreme  variations  between 
earnings  of  graduates  of  different  institutions,  certainly 
none  greater  than  would  be  expected  owing  to  varying  eco- 
nomic conditions  of  different  parts  of  the  country.  Maxi- 
mum and  minimum  median  salaries  of  graduates  at  the 
beginning  of  1925  reported  by  the  various  institutions  are : 

Class  of  1924/"'^"^"'""' ^Ji?  P^^  ™°^*J 

Lmaximum 175  per  month 

Class  of  1923|"^^"i^^™ 130  per  month 

Lmaximum 219  per  month 

Class  of  1922|"^^^\™^"^ o^n  ^'' '"^"S 

Lmaximum 250  per  month 

It  has  been  found  that  after  about  five  years  personal 
qualities  begin  to  assert  themselves  and  to  influence  the 
salary  received  and  also  the  position  occupied. 

Types  of  positions  occupied.  The  figure  which  follows 
shows  the  types  of  positions,  or  kinds  of  work,  of  engi- 
neering graduates.  Of  the  recent  graduates  59.6  per 
cent  are  in  technical  engineering,  11.5  per  cent  are  in 
research  and  teaching,  16.2  per  cent  in  sales  and  ad- 
ministrative work,  and  12.7  per  cent  in  clerical,  manual. 
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or  miscellaneous  work.  Of  the  older  graduates  22.5 
per  cent  are  in  strictly  technical  work;  10.1  per  cent 
are  in  research  and  teaching  (note  the  slight  change 
from  recent  graduates) ;  63.9  per  cent  are  in  ownership, 
executive,  and  administrative  work,  including  sales; 
and  3.5  per  cent  are  in  clerical  and  miscellaneous  work. 


Primarny  Administrative 


Fig.  4.  Progressive  trend  of  engineering  graduates  to 
managerial  duties 

These  figures  show  a  healthy  progression  through  tech- 
nical work  toward  management,  and  indicate  also  that 
engineering  courses  fit  graduates  to  a  satisfactory  de- 
gree for  the  responsibilities  of  the  direction  of  Ameri- 
can industry.   Fig.  4  shows  this  strikingly. 

Several  thousand  graduates  have  testified  to  the 
value  of  their  engineering  course,  and  of  five  thousand 
about  98  per  cent  ''feel  that  they  made  no  mistake  in 
taking  an  engineering  course." 
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It  is  a  matter  of  great  significance  that  a  large  per- 
centage of  those  graduating  from  a  given  course  have 
remained  in  the  work  related  to  the  course.  The  fol- 
lowing tables  show  the  relationship  of  fields  of  work  of 
graduates  to  courses  pursued  in  college.  Fig.  5  is  a 
composite  of  the  data  of  the  tables.  In  both  tables  and 
figure  ''same  field"  includes  those  subdivisions  which 
are  usually  recognized  as  a  part  of  the  major  field 
itself.  Sanitary  engineering  and  hydraulic  engineering, 
for  example,  are  taken  as  parts  of  civil  engineering. 
"Closely  associated  fields"  are  those  closely  related 
to  the  major  fields,  such,  for  example,  as  marine  engi- 
neering (related  to  mechanical  engineering).  ''Unasso- 
ciated  engineering  field"  may  be  illustrated  by  the 
case  of  a  graduate  of  civil  engineering  who  is  employed 
in  electrical-engineering  work.  It  will  be  noted  that 
60  per  cent  of  all  graduates  who  supplied  information 
are  in  the  same  lines  of  work  as  their  college  courses, 
approximately  one  quarter  are  in  ''closely  associated" 
or  "  unassociated  "  lines  of  engineering,  and  the  remain- 
ing 15  per  cent  have  left  engineering. 

These  figures  seem  to  disprove  the  statement  so  often 
heard  that  large  proportions  of  graduates  leave  engi- 
neering for  other  activities.  A  comparison  of  the  tabu- 
lations of  recent  and  older  graduates  shows  that  there 
is  some  drift  away  from  fields  directly  related  to  college 
courses,  but  not  more  than  would  seem  to  be  entirely 
healthy.  More  civil-engineering  graduates  remain  in 
lines  of  work  directly  related  to  their  college  course 


ENGINEERING  AS  A  LIFE  WORK 


31 


3 

O  <-!  N  W  CO 

Oi 

•«; 

N  CO  05  t-  t' 

00 

H 

Tf    C-    00    ffl    -H 

o 

CO 

H 

1 

e^  rH  N  "5  -^ 

a> 

N  «)  o  CO  M 

,— t 

i 

c 

(^ 

N          ,-1  .H  rt 

'^ 

•a 

c 

w 

a 

-o 

05  lO  r-H  rH  ^ 

,— t 

o 

s 

C5   ^  Oi  CO  W 

00 

2 

3 
I? 

CO 

2 

•** 

^ 

■o 

S 

;o  .-(  lo  in  CO 

05 

•« 

Ck 

«3  00  05  Tf  CO 

T* 

OS 

o 

•s 

o 

(^ 

-H                  M  rt 

J 

e8 

*c> 

o  a>  lo  00  CO 

to 

fe 

s 

C-  lO  00  CO  N 

t- 

o 

C 

s 

<N 

■* 

a 

t) 

:?; 

a 

S^ 

13 

1 

Is. 

eg  lo  o  i-H  ^ 

N 

z 

a 

.2 

-^  M  "5  05  si 

t> 

en 
U 

•n 

<v 

a 

|2 
^1 

ai 

(1, 

•Q 

>>'^ 

t- 

s 

01 

ws 

t-  00  ■<*  OJ  CO 

f-t 

Pii} 

S 

s 

■>#  th  •*  00  CO 

CO 

o 

S 

N 

U 

:? 

^ 

s 

0, 

O  CO  CO  o»  U5 

0 

T3 

O  CO  U5  C^  W5 

«d 

1 

U3  00  t-  U5  U3 

to 

a 

».. 

es 

pO 

o  o»  N  in  «e 

N 

W 

i 

tH  o  t-  -H  0» 

0 

N  ;D  <0  lO 

M 

:?; 

O 

a 

•    •    •  tc    ■     ■ 

60     •    M.S      •       • 

•< 

.S      .  .S    fe    M      • 
C    C    C    M  0)       . 

1 

is -ass 

i 

_  ■-  —  S  c  -3 

o 

o 

S  •-■  0  0  c 

_g    >     0)     Qi  .5 

uuhSS 

1 

Cm 
O 

OS 

o 
o 


a 

0  O)  t-  00  T)> 

00 

<i: 

^  •*  ^  (O  0 

t- 

H 

r-l  t-  to  10  T-l 

0 

eg 

H 

&4 

8 

a 

v 

t-;  00  C-;  N  ^ 

0 

*ki 

10  to   rH  05  CO 

oi 

S 

>H  >H  M  rH  ea 

0 
a 

Q. 

-5) 

CI 

fe 

a 

1 

eg  to  T)<  0»  •* 

10 

0 

eg  eg  CO  0  N 

T-H 

2 

3 

•^ 

2 

^ 

I£ 

0 

« 

to  0  to  CO  01 

00 

£ 

CO  eg  -^  00  to 

1> 

01 

ai 

M  rt  (M  rH  eg 

0 

•S 

^ 

0 

1^ 

0 

m 

.0 

CO  0  CO  ■*  00 

00 

cS 

s 

CO  05  CO  0  eg 

00 

a 

3 

CO 

s 

D 

^ 

£ 

T3 
01 

1 

w 

s 

u 

IS 

■*  eg  t-;  iH  t-; 

l> 

a 
<u 
B 

2 
'0 

th  la  to  ^  t> 

t-^ 

^3 

PLc 

'Sc 

^ 
-b 

t^ 

JS 

to  05  ^  CO  00 

t- 

CO 

s 

1-1  CO  -^  to 

to 

Q 

3 

r-* 

0 

^ 

1 

CO  <5  q  Tjj  CO 

Ifl 

2 

05  to  d  -^  eg 

uj 

"o) 

o! 

Tj"    to    10    10    Tf 

m 

a 

1^ 

0 

»o 

OS  •*  05  N  ^ 

00 

M 

s 

to  01  0  05  •>* 

0 

■*  CO  eg 

eg 

3 

^ 

0 

g 

Q 

•    •    ■  bc    •     ■ 

a 

.     V.    c 

H 

tm    •  M--    • 

<: 
3 

.S    •  .S  fc  M     • 

S  M  fe  c  .S     . 
S  60  0) .-  r 

c  c  c  bO  S     . 

Q 

0 

tn 

•^  Si's  •-  "u  5 

s 
0 

a  —  *^  -^i  -S  c^ 

U 

1  ■?  g  g  .s 

uGwSS 

1 

32 


THE  ENGINEER 

•  Engineering  - 


Unassociated 


Electrical 
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7.4         16.0 
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Fig.  5.  Relationship  of  fields  of  work  of  engineering  graduates 
to  college  courses 

than  other  groups  of  graduates.  The  percentages  of 
men  in  the  same  or  closely  associated  fields  are  shown 
by  the  following  figures : 


Types  of  Engineers 

Graduates  op 
1922,  1923,  1924 

Graduates  OP  1919 
AND  Earlier 

Classes 

Both 
Groups 

Civil  engineers 

Electrical  engineers    .... 

Mining  engineers 

Mechanical  engineers     .    .    . 
Chemical  engineers     .... 

85.8 
80.3 
74.6 
62.0 
61.2 

71.2 
56.7 
50.0 
62.5 
60.7 

73.5 
70.6 
65.4 
62.1 
61.0 

The  foregoing  evidence  shows  that  in  addition  to 
receiving  a  reasonable  salary,  the  majority  are  satisfied 
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with  the  kind  of  work  which  they  are  doing  and  the 
opportunities  ahead  of  them. 

The  outstanding  fact  is  that  the  earning  power  con- 
tinues to  increase  for  at  least  twenty  to  twenty-five 
years,  which  is  in  contrast  with  the  usual  trades.  Be- 
sides, there  is  a  good  opportunity  for  advancement  to 
executive  positions,  equal  to  that  in  business  and  with 
corresponding  returns. 

Information  gathered  by  one  corporation  shows,  for 
instance,  that  there  are  over  fifteen  hundred  employees 
receiving  $3000  to  $4000  per  year.  Of  those  attaining 
this  salary  level  during  1925,  34  per  cent  were  college 
graduates,  and  they  reached  this  level  after  an  average 
length  of  service  of  5.3  years.  While  56  per  cent  were 
non-college  men,  their  average  length  of  service  was 
15.4  years  —  a  time  advantage  of  10.1  years  for  the 
college  graduate.   The  following  table  gives  the  facts : 

Attaining  the  $3000  Level  in  1925 


Pebcbntage  of  Group 

Class 

Average  Years  of  Service 

34.0 

9.9 

56.1 

100.0 

College  graduates 
College  non-graduates 
Non-college  men 

5.3 

9.3 

15.4 

Attai 

ning  the  $5000  Level  in  1925 

Percentage  of  GROxn» 

Class 

Average  Years  of  Service 

47.9 

10.7 

41.4 

100.0 

College  graduates 
College  non-graduates  . 
Non-college  men 

12.0 
14.0 
20.5 
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In  one  company,  college  graduates  constitute  but 
5  per  cent  of  the  total  number ;  but  they  fill  30  per  cent 
of  the  jobs  that  pay  $3000  per  annum,  and  40  per  cent 
of  the  jobs  that  pay  $5000. 

The  main  advantage  of  the  graduate  over  the  equally 
able  or  more  able  non-college  man  who  reaches  a  position 
of  responsibility  is  in  the  rapidity  of  his  start.  On  the 
average  it  takes  such  a  non-college  man  far  more  than  jour 
years  to  gain  a  background  of  experience  that  is  worth 
as  much  for  his  progress  as  the  graduate's  college  training. 

While  the  college  graduate  may  have  a  time  advantage 
over  the  non-college  man  of  over  ten  years  in  reaching 
the  $3000  salary,  the  time  advantage  does  not  continue 
to  increase  because  continued  promotion  depends  more 
and  more  on  personality  and  on  ability  to  direct  men. 
''Once  well  started,  the  non-college  men  with  the  abil- 
ity to  advance  made  as  rapid  progress  as  the  graduates." 
College  training  does  not  provide  a  formula  for  success, 
but  does  assist  in  creating  an  early  opportunity  to  serve 
and  earn  in  positions  of  responsibility. 

In  a  group  of  graduates  of  one  institution,  out  of 
college  five  years  and  all  employed  by  one  company, 
the  minimum  salary  was  $2400,  the  mean  was  $3000, 
and  the  maximum  was  $4300.  Differences  in  earning 
capacity  were  already  evident,  and  corresponding  dif- 
ferences in  ability  to  carry  responsibility  were  apparent. 

But  more  than  salary  is  to  be  considered.  Is  there 
a  satisfaction  in  engineering  work?  Is  the  service 
performed  a  valuable  one  to  society?  Are  the  associa- 
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tions  pleasant,  the  friendships  permanent,  the  ideals 
high,  and  the  professional  standards  of  an  inspiring 
character?  The  author  believes  that  all  these  ques- 
tions depend  for  their  answer  on  the  individual  and  his 
qualities,  including  adaptability  to  the  profession,  ini- 
tiative, and  enjoyment  of  creative  work  of  this  charac- 
ter. The  great  majority  would  answer  that  the  work 
is  interesting,  varied,  and  valuable,  requiring  mental 
alertness,  ingenuity,  and  ability  to  manage,  to  design, 
to  do  research,  or  to  perform  other  useful  service.  The 
leading  spirits  in  engineering  are  inspiring  characters, 
thoroughly  devoted  to  a  life  of  service,  devout  in  their 
attitude  toward  their  high  calling,  creators  of  conven- 
ience, comfort,  safety,  health,  and  wealth  for  others. 

VOCATIONAL  GUIDANCE 

Answer  the  following  questions  conscientiously  and 
then  consult  with  your  high-school  principal,  a  teacher, 
or  an  engineer. 

Analyze  Yourself 

L  Name :   

2.  Address : 

3.  Father's  business : 

4.  Check  studies  which  you  liked  best  with  an  X  before 
the  study : 

Arithmetic  English  Modern  language 

Algebra  History  Chemistry 

Geometry  Drawing  Physics 
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5.  Check  with  a  zero  after  the  subject  those  which  you 
did  not  like. 

6.  In  what  studies  did  you  obtain  high  grades? 

7.  What  work  have  you  done  in  the  summer? 

8.  Did  you  Hke  it? 

9.  Do  you  Hke  to  use  tools? 

10.  What  have  you  made  with  tools? 

11.  Do  you  like  to  make  or  repair  mechanical  or  electri- 
cal devices? 

12.  Do  you  like  to  draw  or  plan  things  to  be  made  ? 


Personal  Characteristics 

1.  Do  you  get  along  well  with  schoolmates  and  people 
generally?   Do  you  work  best  alone  or  with  others? 

2.  Do  you  keep  at  a  hard  job  and  do  it  thoroughly? 
Have  you  patience  ? 

3.  Are  you  a  "  quitter  "  ? 

4.  Think  over  carefully  the  following  list  of  quali- 
ties; then  check  your  best  judgment  of  yourself: 


Carefulness  . 
Punctuality  . 
Honesty  .  . 
Initiative  .  . 
Energy  .  .  . 
Persistency  .  , 
Enthusiasm  . 
Self-confidence 
Thrift    .    .    .    , 


Good 

Fair 

Poor 
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The  form  on  page  38  is  filled  out  by  students  as 
soon  as  they  have  been  admitted  to  Purdue  Univer- 
sity. It  is  an  excellent  aid  to  self -analysis.  Study  the 
descriptions  of  the  various  characteristics,  and  then 
copy  the  chart  and  fill  it  out  for  your  own  benefit. 

Personnel  Forms 

Purdue  University  is  interested  in  developing  not  only 
your  mentality,  but  also  your  character,  physique,  and 
personality. 

You  will  soon  be  a  student  at  Purdue.  You  can  aid  us 
and  yourself  in  our  efforts  to  help  you  derive  the  maxi- 
mum benefit  from  your  studies  at  Purdue  if  you  will 
grade  yourself  in  the  qualities  and  characteristics  of  the 
following  list. 

Please  place  a  check  mark  (s/)  after  each  characteristic 
at  the  place  on  the  scale  at  which  you  believe  you  should 
be  rated.  If  you  are  exceptionally  good,  put  a  check  (V) 
under  10.  If  you  are  the  poorest,  put  it  under  1.  If  you 
have  a  high  average,  check  under  6 ;  if  you  have  a  low 
average,  under  5 ;  and  so  on  through  the  scale.  If  average, 
place  check  between  5  and  6. 

Grade  yourself  in  comparison  with  men  of  similar  age, 
educational  preparation,  and  environment.  An  effort  has 
been  made  to  define  each  of  the  characteristics  in  the 
following  list  in  order  that  greater  uniformity  of  rating 
may  result. 
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Characteristics 

Poor 

Low 

Aver- 
age 

High 

Highest 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

1.  Address  and  manner.    Do  I   leave  a 
good  impression?    Do  I  talk  well? 
Am  I  popular?  Have  I  a  good  bear- 
ing? 

2.  Attitude.    Am  I  rational,  agreeable  to 
reason,  in  my  views?  interested  in  my 
work?    optimistic?    self -con  trolled? 

3.  Character.    Am    I  reliable?      depend- 
able?   absolutely  honest?    respon- 
sible?  clean?   just?   courageous? 

4.  Cooperative  abiUty.   Can  I  work  with 
others?      Am    I     accommodating? 
loyal?    willing  to  learn?  tolerant? 
tactful?   Am  I  a  good  mixer? 

5.  Disposition.    Am    I    cheerful  ?      cour- 
teous?  congenial?  enthusiastic  and 
not  conceited? 

6.  Industry.  Am  I  a  hard  worker?  Have 
I  perseverance?    Am  I  persistent? 

7.  Initiative.    Am  I  a  self-starter?    Do  I 
recognize,    start,    and   develop    op- 
portunities to  a  successful  conclu- 
sion?   Am  I  original? 

8.  Judgment.     Have   I    common    sense? 
observing    and    reasoning    power? 
foresight?     resourcefulness?     Do    I 
know   values  and   the   relations  of 
things?   Am  I  practical? 

9.  Leadership.   Do  I  understand  men  and 
can  I  command  their  respect?  Have 
I  executive  ability?    Do  I  precede 
and  direct  men? 

10.  Native  capacity.  Am   I   naturally   ac- 
curate,   systematic,    bright,    alert? 
Have  I  an  inherent  knowledge  of 
facts  and  data?    Can  I  concentrate? 
Do  I  learn  readily?  Have  I  a  natural 
aptitude  for  work? 

Remarks.  Indicate  under  this  head  any 
additional  information  which  may  prove  of 
value.  If  you  have  poor  health,  a  deformity, 
or  any  peculiarity,  this  should  be  reported. 
Please  note  here. 
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CHAPTER  III 
A  BRIEF  HISTORY  OF  ENGINEERING 

Among  the  earliest  known  works  of  an  engineering 
character  are  the  irrigation  dams  and  canals  which 
watered  the  valleys  of  the  Nile  and  the  Euphrates, 
perhaps ^about  2000  B.C.  There  is  also  evidence  that 
a  small  ship  canal  connected  the  Red  Sea  with  the 
lower  Nile  more  than  twenty  centuries  before  the  Suez 
Canal  was  considered. 

The  pyramid  of  Cheops  in  Egypt,  a  structure  of 
extraordinary  size,  was  originally  probably  775  feet 
square  at  the  base  and  481  feet  high.  It  contained 
over  3,000,000  cubic  yards  of  stone.  Some  of  the 
stones  are  of  great  size  and  were  dragged  from  quar- 
ries several  miles  away.  It  is  believed  that  ramps,  or 
inclined  planes,  were  built  as  the  pyramid  grew,  and 
that  up  these  planes  slaves  dragged  the  blocks  with 
an  expenditure  of  human  energy  which  we  can  hardly 
realize. 

The  temples  of  Karnak,  Edfu,  Thebes,  Luxor,  and 
many  others  in  the  Nile  valley  represent  the  work  of 
ancient  architect-engineers,  as  the  size  of  the  columns 
and  of  the  masses  of  stone  in  the  pylons  presented 
problems  of  strength  and  of  transportation  as  well  as 
of  art.  The  positions  which  the  axes  of  these  temples 
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occupy  certify  to  a  considerable  knowledge  of  astron- 
omy on  the  part  of  these  early  builders,  and  modern 
studies  of  the  temples  and  of  astronomy  serve  to  deter- 
mine the  time  at  which  they  were  built. 

Jerusalem,  Athens,  and  Rome  had  supplies  of  water 
brought  from  the  distant  hills  by  aqueducts  before  the 
beginning  of  the  Christian  Era.  Ruins  of  some  of  the 
arches  can  be  seen  in  the  environs  of  Rome,  standing 
as  memorials  to  those  who  built  enduring  monuments. 
One  of  them  was  39.5  miles  long,  and  another  11  miles 
in  length.  A  total  of  359  miles  of  aqueducts  was  built 
to  supply  Rome  and  about  50  miles  was  supported  on 
masonry  arches.  The  Cloaca  Maxima,  the  great  sewer 
which  served  a  large  part  of  ancient  Rome  and  occupied 
the  bed  of  an  old  stream,  was  also  an  early  engineer- 
ing work  of  outstanding  character. 

Later,  aqueducts  were  built  by  the  Roman  engineers 
in  the  valley  of  the  Rhone.  One  rises  to  a  height  of 
158  feet  above  the  stream  over  which  it  carried  the 
water  supply  of  Nimes.  Lyons  and  Metz  in  France, 
and  certain  cities  in  Spain,  were  supplied  with  water 
by  the  Romans.  One  of  the  earHest  books  describing 
engineering  works  was  written  A.D.  79  by  Frontinus,  a 
Roman  surveyor  and  water  commissioner. 

The  Romans  were  also  builders  of  stone  roads,  and 
some  of  the  principles  of  road  construction  which  they 
used  are  still  employed.  Across  the  marshes  near  Rome 
they  built  up  the  surface,  underdrained  it  with  large 
stones,  and  then  put  on  a  wearing  surface  of  smaller 
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ones.  By  200  B.C.  the  empire  had  a  total  of  48,500  miles 
of  improved  roads,  a  large  part  of  which  was  surfaced 
with  stone ;  and  the  original  foundation  of  these  roads 
is  in  some  instances  being  used  today.  They  extended 
over  France  and  the  Netherlands  into  Germany  and 
England. 

During  the  reign  of  Napoleon  there  was  a  revival 
of  road-building  in  France,  and  the  present  organiza- 
tion of  highway  administration  was  established.  The 
roads  were  built  mainly  for  military  purposes,  but 
they  served  also  to  improve  civilian  transportation 
over  the  main  arteries  of  travel. 

During  the  Middle  Ages  and  the  religious  Renais- 
sance the  energies  of  the  people  were  devoted  to  the 
construction  of  the  cathedrals  which  today  are  the 
most  splendid  monuments  of  an  unusual  architectural 
development  throughout  Europe.  Architecture  is  an 
art;  but  engineering  throughout  this  period,  until 
about  the  sixteenth  century,  was  very  largely  an  art 
also.  Many  features  of  the  construction  of  the  finest 
cathedrals,  including  foundations,  columns,  arches, 
buttresses,  and  flying  buttresses,  were  as  much  engi- 
neering as  architecture. 

The  twelfth  to  the  fifteenth  centuries  were  notable 
also  for  a  marked  change  in  the  social  order  in  England 
and  Scotland.  Not  only  were  magnificent  cathedrals 
built,  but  trade  expanded,  shipping  grew,  and  a  de- 
mand for  better  vehicles  and  better  roads  naturally 
developed.  The  term  ''military  engineer"  had  been  in 
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use  for  some  time  to  designate  the  designer  and  builder 
of  forts,  and  of  roads  and  bridges  over  which  troops 
were  moved  from  place  to  place. 

Civil  engineering.  The  term  ''civil  engineer"  was, 
by  contrast,  used  to  designate  the  designer  and  builder 
of  civil  works,  or  those  used  in  peaceful  pursuits,  such 
as  permanent  highways  of  trade  and  travel,  waterworks, 
canals,  lighthouses,  railways,  and  bridges. 

There  is,  however,  little  historical  information  about 
civil  engineering  until  about  the  beginning  of  the  eighth 
eenth  century.  The  revival  of  the  art  of  building  roads 
and  bridges  in  Great  Britain  and  on  the  continent  of 
Europe  at  this  period  brought  with  it  the  need  for  a 
society  devoted  to  the  exchange  of  ideas  and  experi- 
ences. In  1818  the  Institution  of  Civil  Engineers  of 
Great  Britain  was  founded.  This  was  the  first  national 
association  of  engineers,  and  was  followed  by  the 
Institution  of  Mechanical  Engineers  of  Great  Britain, 
which  was  organized  in  1847 ;  the  American  Society  of 
Civil  Engineers,  in  1852 ;  the  American  Institute  of 
Architects,  in  1857 ;  the  American  Institute  of  Mining 
Engineers,  in  1871 ;  the  American  Society  of  Mechani- 
cal Engineers,  in  1881 ;  and  the  American  Institute  of 
Electrical  Engineers,  which  was  organized  in  1895. 

One  of  the  early  road-builders  of  England  was 
Thomas  Tredgold,  who  in  1828  formulated  the  first 
definition  of  "civil  engineering"  as  'Hhe  art  of  direct- 
ing the  great  sources  of  power  in  nature  for  the  use  and 
convenience  of  man,  as  the  means  of  production  and 


44  THE  ENGINEER 

of  traffic  in  states  both  for  external  and  internal  trade, 
as  applied  in  the  construction  of  roads,  bridges,  aque- 
ducts, canals,  river  navigation,  and  docks,  for  internal 
intercourse  and  exchange ;  and  in  the  construction  of 
ports,  harbors,  moles,  breakwaters,  and  lighthouses; 
and  in  the  art  of  navigation  by  artificial  power  for  the 
purposes  of  commerce,  and  in  the  construction  and 
adaptation  of  machinery,  and  in  the  drainage  of  cities 
and  towns." 

This  definition  was  shortened  to  read  "Engineering 
is  the  art  of  directing  the  great  sources  of  power  in 
nature  for  the  use  and  convenience  of  man"  ;  and  for 
a  century  this  statement  was  generally  accepted.  In 
the  twentieth  century  the  management  of  industrial 
and  engineering  enterprises  has  become  an  increasingly 
important  function  of  engineers,  with  the  result  that 
definitions  which  include  ''human  engineering"  have 
been  presented.  Henry  G.  Stott,  in  his  presidential 
address  before  the  American  Institute  of  Electrical 
Engineers,  proposed  the  following :  ''  Engineering  is  the 
art  of  organizing  and  directing  men  and  of  controlling 
the  forces  and  materials  of  nature  for  the  benefit  of  the 
human  race."  When  Andrew  Carnegie  presented  the 
United  Engineering  Societies  Building,  at  29  West 
39th  Street,  New  York  City,  to  the  leading  engineer- 
ing societies  of  America,  the  definition  proposed  by 
Mr.  Stott  was  adopted  as  the  best  expression  pro- 
posed up  to  that  time. 

Among  the  pioneer  engineers  of  Great  Britain  was 
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John  Smeaton,  a  civil  engineer,  who  built  the  noted 
Eddystone  lighthouse  on  an  exposed  ledge  of  rock  off 
the  south  coast  of  England  about  1759.  It  replaced 
an  early  light  built  about  1703,  and  continued  in  use 
until  1882,  when  a  new  tower  was  built  on  another 
location.  Smeaton  was  once  asked  by  the  duke  of 
Argyll,  'Tray,  who  taught  you?"  ''Why,"  replied 
Smeaton,  ''I  beheve  I  may  say  I  was  self-taught,  an* 
't  please  your  grace."  This  incident  is  told  by  Robert 
Louis  Stevenson,  whose  great-grandfather,  grandfather, 
and  father  were  lighthouse-builders.  "The  seas  into 
which  his  labors  carried  the  new  engineer  were  still 
scarce  charted,  the  coasts  still  dark ;  his  way  on  shore 
was  often  far  beyond  the  convenience  of  any  road; 
the  isles  in  which  he  must  sojourn  were  still  part 
savage,"  says  Stevenson  ^  of  his  grandfather.  This 
early  engineer  traveled  twenty-five  hundred  miles  by 
horse  and  small  boat  in  one  year  to  examine  and 
report  on  beacons  and  lighthouses. 

The  last  half  of  the  eighteenth  and  the  beginning  of 
the  nineteenth  centuries  were  marked  by  the  construc- 
tion of  a  system  of  canals  in  Great  Britain.  Brindley 
was  one  of  the  notable  canal-builders  of  this  era.  The 
network  connected  the  growing  industrial  centers,  and 
parts  of  it  are  still  in  use,  though  many  sections  have 
long  since  been  abandoned* 


1  "Records  of  a  Family  of  Engineers,"  in  "Letters  and  Miscellanies  of 
Robert  Louis  Stevenson."  Used  by  permission  of  Charles  Scribner's  Sons, 
publishers. 
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The  idea  was  soon  adopted  in  America.  The  Erie 
Canal,  from  Buffalo  to  Schenectady,  was  first  proposed 
in  1724,  and  later  was  supported  by  George  Washington, 
surveyor  and  engineer,  who  examined  the  route.  The 
canal  was  dedicated  in  1825,  and  was  the  first  long 
canal  to  be  dug  in  the  United  States,  totaling  one 
thousand  miles  in  length.  It  was  40  feet  wide  at  the 
top  and  4  feet  deep,  with  locks  90  feet  long  by  12  feet 
wide.  In  1925  two  million  tons  of  freight  were  carried 
on  it,  —  about  the  same  amount  as  one  hundred 
years  ago. 

The  Pennsylvania  Canal  Company  built  a  water- 
way following  in  general  the  route  of  the  Pennsylvania 
Railroad  from  the  Susquehanna  River  to  Pittsburgh. 
One  of  the  unique  and  original  features  of  this  system 
was  an  inclined  plane  up  the  slope  of  the  Allegheny 
Mountains  by  which  goods  and  canal  boats  were  trans- 
ferred from  the  eastern  watershed  to  the  western  near 
Johnstown,  Pennsylvania,  where  the  boats  reentered 
a  canal  extending  to  Pittsburgh.  A  tunnel  (still  in- 
tact) was  built  on  the  western  slope  of  the  mountains ; 
and  through  it  boats  went  on  their  way  to  and  from  the 
summit,  which  was  located  not  far  from  the  Horseshoe 
Bend  of  the  main  line  of  the  railroad.  Altogether, 
nearly  one  thousand  miles  of  canal  were  built  in 
Pennsylvania. 

Considerable  systems  of  canals  were  built  in  other 
states,  such  as  the  Chesapeake  and  Ohio,  the  Miami 
and  Erie  in  Ohio,  the  Illinois  and  Michigan  Canal ;  but 
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the  railroad  age  was  coming  on  apace  and  made  many 
canal  systems  bankrupt  or  obsolete.  Today  the  only 
projects  for  inland  water  transportation  which  are 
being  prosecuted  are  systems  of  movable  dams  to 
improve  navigation  on  the  Ohio  River  and  tribu- 
taries, and  the  improvement  of  the  Mississippi  and 
of  the  Missouri,  Kanawha,  Cumberland,  and  a  few 
other  tributaries ;  the  canal  period  has  passed. 

The  Erie  Canal  has  been  enlarged  to  a  barge  canal 
at  an  expense  of  $101,000,000,  but  without  attracting 
to  it  any  large  amount  of  freight  except  local  materials. 
There  is  now  under  consideration  a  plan  for  the  im- 
provement of  the  St.  Lawrence  River,  for  navigation 
by  ocean  vessels  and  also  to  develop  some  three  million 
horse  power  of  hydroelectric  energy.  It  will  require  an 
international  agreement  to  finance  and  to  operate 
the  enterprise,  which,  it  is  estimated,  will  cost  some 
$500,000,000. 

The  Suez  Canal,  the  Kiel  Canal,  the  Corinth  Canal, 
the  Cape  Cod  Canal,  the  Manchester  Canal  (from 
Liverpool  to  Manchester),  and  the  Delaware  and 
Chesapeake  Canal  all  (excepting  the  Manchester 
Canal)  connect  tide  waters.  The  "Soo"  Canal,  be- 
tween lakes  Huron  and  Superior,  like  the  others  just 
mentioned,  is  short.  It  has  a  large  through  traffic 
amounting  to  seventy-two  million  tons  of  freight  in 
the  open  season  (of  only  about  seven  months). 

The  civil  engineer  was  and  is  responsible  for  plan- 
ning our  highways,  our  canals,  and  our  railroads.  The 
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development  of  steam  railroads  began  in  the  United 
States  in  1829,  when  the  locomotive  known  as  Tom 
Thumb  was  run  over  what  is  now  a  part  of  the  Balti- 
more and  Ohio  Railroad.  Today  there  are  two  hundred 
and  fifty  thousand  miles  of  main  line  in  this  country, 
which  equals  the  mileage  of  the  rest  of  the  world. 

Special  rack  railways  have  been  designed  to  mount 
grades  steeper  than  can  be  climbed  by  ordinary  friction 
traction.  Cable  lines,  for  steep  grades  and  also  for 
street-railway  operation,  were  very  common  before 
electric  traction  became  practicable.  The  cable-driven 
street  railway  is  now  obsolete. 

The  St.  Gotthard,  Mont  Cenis,  and  Simplon  tunnels, 
in  Switzerland,  and  the  railway  tunnels  through  the 
crests  of  the  Rocky  Mountains  are  notable  works  of 
the  civil  engineer.  He  is  responsible  also  for  the  tun- 
nels under  the  East  and  North  rivers.  New  York, 
through  which  trains  pass  from  New  Jersey  to  the 
Pennsylvania  Station  in  New  York  and  from  there  to 
Long  Island.  One  of  the  earliest  railway  tunnels  under 
a  large  river  was  the  Grand  Trunk  tunnel  under  the 
St.  Clair  River  between  Port  Huron,  Michigan,  and 
Sarnia,  Ontario,  completed  in  1890.  Joseph  Hobson 
was  the  chief  engineer. 

Among  the  great  railway  engineers,  we  should  men- 
tion George  B.  Roberts,  who  rose  from  rodman  to 
president  of  the  Pennsylvania  Railroad  and  was  one 
of  its  greatest  organizers;  William  J.  Wilgus,  chief 
engineer  of  the  New  York  Central  Railroad  and  largely 
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responsible  for  the  conception  and  design  of  the  Grand 
Central  Station  in  New  York ;  John  E.  Switzer,  who 
rose  from  surveyor  to  chief  engineer  of  the  Canadian 
Pacific  Railway  and  who  was  one  of  the  most  brilliant 
of  Canadian  railwayjocators  and  builders ;  Alexander 
Ross  of  Canada,  who,  with  George  Stephenson  of  Eng- 
land as  consulting  engineer,  designed  the  first  bridge 
across  the  St.  Lawrence  River.  This  structure,  called 
the  Victoria  Bridge,  is  6592  feet  long  and  was  once 
referred  to  as  the  ''Eighth  Wonder  of  the  World." 

Theodore  D.  Judah  was  the  engineering  genius  who 
located  the  Union-Central  Pacific  Railway  from  Coun- 
cil Bluffs  to  Sacramento.  The  pioneer  transcontinental 
railway  was  born  in  the  mind  of  this  daring  ''Railway 
Pathfinder,"  as  he  was  called.  Eighteen  hundred  miles 
of  line  were  built  in  six  years  in  the  face  of  great  natural 
obstacles  and  Indian  hostility,  and  the  last  spike  was 
driven  near  Salt  Lake  City  in  1869. 

The  empire-builder  of  South  Africa,  Cecil  Rhodes, 
conceived  the  "Cape  to  Cairo"  railway,  six  thousand 
miles  in  length.  This  line  penetrated  an  unknown  con- 
tinent and  was  one  of  the  most  hazardous  achievements 
in  railway  finance,  location,  and  construction.  The 
hostility  of  the  native  tribes  and  the  numerous  wide 
river  crossings  were  terrible  obstacles.  The  bridge  at 
the  Victoria  Falls  of  the  Zambesi  River  is  an  arch  with 
a  span  of  five  hundred  feet,  the  track  being  four  hun- 
dred and  twenty  feet  above  the  water.  On  this  line 
the  world's  record  was  made  by  laying  five  and  three- 
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fourths  miles  of  rail  in  one  day  with  native  labor. 
Sir  Charles  Metcalfe,  Bart.,  was  one  of  the  able  English 
engineers  on  this  section.  The  bridges  were  designed 
by  G.  A.  Hobson,  and  their  construction  is  a  splendid 
monument  to  all  the  engineers  employed  on  this 
great  work. 

Another  great  railway  builder  was  A.  A.  Robinson, 
who  built  the  Denver  and  Rio  Grande  Railroad,  which 
reached  an  altitude  of  11,522  feet,  —  the  highest  but 
one  in  North  America,  and  the  most  spectacular. 

The  Siberian  Railway,  which  extends  from  Moscow 
to  Vladivostok,  a  distance  of  4771  miles,  is  a  tribute  to 
the  genius  of  Russian  engineers  and  to  financial,  politi- 
cal, and  military  vision. 

The  Andes  railways,  in  South  America,  are  other 
monuments  to  great  engineers.  Henry  Meiggs  of 
Philadelphia  was  one  of  these.  With  his  successor, 
William  Thorndike,  also  from  the  Quaker  City,  he 
built  the  highest  railway  in  the  world.  In  138  miles 
it  rises  to  an  elevation  of  15,865  feet  at  Oroya,  Peru. 

A  significant  invention  was  the  puddling  process  for 
making  wrought  iron,  which  made  possible  the  great 
development  in  iron  and  steel  which  marked  the  nine- 
teenth century.  Wrought-iron  rails  and  the  iron  bridge 
became  practicable,  and  engineering  began  to  grow 
from  an  art  to  a  science  and  gradually  developed  from 
a  trade  into  a  profession. 

Art  teaches  methods  of  doing  things  and  of  making 
things,  and  is  a  matter  of  experience  rather  than  of 
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scientific  rule.  An  artisan  is  a  skilled  mechanic  or  one 
who  is  familiar  with  the  art;  a  good  carpenter,  ma- 
chinist, or  stationary  engineer,  who  knows  how  to 
carry  on  the  work  of  his  art  in  accordance  with  good 
standards,  is  an  artisan.  Engineering  throughout  the 
long  period  of  development  from  the  earliest  times 
down  to  about  the  eighteenth  century  was  an  art 
rather  than  a  science.  When  James  Watt  saw  that 
by  the  application  of  a  condenser  additional  power 
could  be  obtained  from  the  same  quantity  of  fuel  and 
the  same  boiler  and  engine,  he  began  the  development 
of  the  science  of  mechanical  engineering. 

Bridges  have  been  built  from  the  earliest  times,  be- 
ginning with  a  tree  felled  across  the  stream  and 
including  even  notable  bridges  which  were  built  on 
the  strength  of  experience  and  of  past  performance. 
The  art,  instead  of  scientific  principles,  determined  the 
design. 

Although  a  small  modem  steel  bridge  may  be  of  the 
same  form  as  the  simple  truss  which  the  Roman  sol- 
diers employed,  the  difference  is  that  today  the  sizes  of 
members  —  that  is,  their  strength  —  is  computed  from 
well-known  scientific  laws. 

The  development  of  the  Bessemer  converter  for 
making  steel  and  of  the  open-hearth  process  of  manu- 
facture has  made  longer  bridge  spans  possible.  Among 
the  notable  modern  steel  structures  are  the  various 
types  of  truss  bridges  such  as  those  over  the  Ohio 
River  between  Cincinnati  and  Covington,  and  between 
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Cincinnati  and  Newport,  the  Cairo  Bridge,  the  Louis- 
ville bridges,  and  numerous  other  railway  and  highway 
bridges,  the  longest  of  which  has  a  span  of  550  feet. 

The  cantilever  type  makes  longer  spans  possible  and 
economical.  One  of  the  earliest  was  the  Niagara  canti- 
lever, built  for  the  Michigan  Central  Railroad  in  1882, 
with  a  river  span  of  470  feet.  Then  in  1885  followed 
the  St.  John  River  Bridge  in  New  Brunswick,  with  a 
central  span  of  477  feet,  and  in  1889  the  Poughkeepsie 
Bridge,  with  a  maximum  span  of  548  feet.  The  Mem- 
phis Bridge  over  the  Mississippi  River  contains  a  fixed 
span  of  621  feet,  and  two  cantilever  spans  of  700  feet 
each.  It  was  completed  in  1892,  at  which  time  the 
great  Forth  Bridge,  near  Edinburgh,  had  just  been 
finished  with  a  span  of  1710  feet.  This  remained  the 
longest  bridge  span  in  the  world  from  1891  until  about 
1920,  when,  after  several  accidents,  the  Quebec  Bridge 
over  the  St.  Lawrence  was  finally  completed,  with  a 
span  of  1800  feet. 

Notable  suspension  bridges  are  the  Cincinnati 
Bridge  over  the  Ohio  River,  with  a  span  of  1057  feet ; 
the  Brooklyn  Bridge,  with  a  span  of  1595  feet;  the 
Williamsburg  Bridge  (completed  in  1903)  over  the 
East  River,  with  a  span  of  1600  feet ;  and  the  Dela- 
ware River  Bridge  (finished  in  1926)  at  Philadelphia, 
with  a  span  of  1750  feet, —  the  longest  suspension 
bridge  yet  built. 

Notable  steel  arch  bridges  are  the  Eads  Bridge 
at  St.  Louis,  the  two  arch  bridges  at  Niagara  Falls, 
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and  the  one  across  the  East  River  at  Hell  Gate.  The 
last  has  a  span  of  1017  feet,  which  was  completed  in 
1915,  although  the  entire  stricture  was  not  finished 
until  1917. 

The  railway  age  began  with  the  first  American  line, 
which  was  put  in  operation  in  1830.  It  has  grown 
until  there  are  now  two  hundred  and  fifty  thousand 
miles  of  main  line  in  service,  and  four  hundred  thou- 
sand miles  of  track.  Traffic  has  increased  in  the 
United  States  to  the  point  where  a  million  freight  cars 
have  been  loaded  per  week.  Locomotives  have  in- 
creased from  four  and  one-half  tons  to  over  two  hun- 
dred and  fifty  tons  in  weight,  and  freight  cars  from  a 
few  tons'  capacity  to  a  capacity  of  one  hundred  tons 
or  more. 

The  automobile  and  the  auto  truck  have  led  to  an 
extraordinary  development  of  our  highway  system 
and  to  the  expenditure  of  vast  sums  for  construction 
and  maintenance.  Problems  of  relocation,  railway 
crossings,  bridges,  curves,  and  grades  have  made  the 
location,  design,  and  construction  of  modern  highways 
a  major  engineering  problem  requiring  an  amount  of 
knowledge  approaching  a  science. 

Mechanical  engineering.  Mechanical  engineering  is 
that  branch  of  engineering  which  designs,  builds,  and 
operates  steam-power  machinery,  internal-combustion 
engines,  refrigerating  machinery,  railway  steam  motive 
power,  hydrauHc  pumps  and  turbines,  and  labor- 
saving  machinery. 
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Hero  of  Alexandria  is  credited  with  the  invention 
of  a  crude  suggestion  of  the  modern  steam  turbine, 
but  no  practical  use  of  it  was  made  for  eighteen  cen- 
turies. The  earliest  successful  steam  engine  was  the 
subject  of  the  first  recorded  patent,  and  was  largely 
the  work  of  Thomas  Newcomen,  in  England,  about 
1705.  A  number  of  crude  pumping  engines  were  built 
by  him  to  use  in  draining  mines.  The  steam  was  con- 
densed in  the  cylinder,  and  a  simple  valve  gear  was 
arranged  by  the  boy  (named  Potter)  who  was  hired  to 
open  and  close  the  valve  which  admitted  the  cooling 
or  condensing  water. 

The  development  of  mechanical  engineering  as  a 
science  begins  with  the  improvement  of  the  steam 
engine  by  James  Watt  about  1765.  The  subsequent 
refinement  of  it  by  Corliss  in  1876,  the  invention  of  the 
steam  locomotive  by  George  Stephenson  in  1829  and 
of  the  steam  turbine  by  Parsons  in  1884,  and  the 
development  of  the  internal-combustion  engine  — 
beginning  with  Otto  of  Germany  and  followed  by 
Diesel  —  have  undoubtedly  exerted  the  most  powerful 
influence  on  civilization  of  any  inventions  or  develop- 
ments since  the  beginning  of  the  Christian  Era. 

A  relation  exists  between  the  ratio  of  total  power 
developed  to  population  and  human  welfare.  The  re- 
duction of  manual  labor  is  a  function  of  the  power  per 
person.  In  the  United  States  there  is  7.5  horse  power 
per  capita,  in  England  4.5  horse  power  per  capita,  and 
in  Russia  less  than  0.5  horse  power,  with  the  result 
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that  less  physical  labor  is  required  in  the  United  States 
per  unit  of  production  and  that  the  cost  is  consequently 
reduced. 

The  economy  with  which  steam  power  can  be  pro- 
duced is  another  evidence  of  the  contribution  of  me- 
chanical engineers.  The  Newcomen  pumping  engine 
of  two  hundred  years  ago  used  twenty-two  pounds  of 
fuel  for  each  horse-power  hour  produced,  whereas 
today  one  pound  of  coal  produces  one  horse  power  for 
one  hour ;  thus  twenty-two  times  as  much  power  is 
produced  today  as  could  be  generated  by  a  pound  of 
fuel  two  hundred  years  ago. 

The  steam  hammer,  invented  by  James  Nasmyth ; 
the  cotton  gin,  by  Eli  Whitney ;  the  spinning  jenny, 
by  Hargreaves;  the  spinning  frame,  by  Arkwright; 
and  the  power  loom,  by  Cartwright,  —  these  inven- 
tions were  followed  in  rapid  succession  by  a  wide 
variety  of  machine  tools. 

John  Ericsson,  of  Sweden,  applied  the  principle  of 
the  screw  propeller  to  ship  propulsion.  He  designed 
the  Monitor,  —  which  met  and  defeated  the  Merrimac 
in  the  Civil  War,  —  invented  the  hot-air  engine,  and 
devised  the  solar  engine  designed  to  utilize  the  heat  of 
the  sun. 

Robert  Fulton  was  the  first  American  to  apply  steam 
to  the  propulsion  of  a  ship,  and  he  built  the  Clermont 
to  demonstrate  its  practicability  to  a  doubting  public. 

Steel  was  first  made  in  crucibles.  Then  came  the 
Bessemer  converter  and  the  Siemens-Martin  open- 
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hearth  processes;  and  gradually  the  latter  has  be- 
come the  recognized  method  of  producing  commercial 
steel.  Alloys  of  remarkable  quality  for  tools,  for  wire, 
and  for  automobile  parts  have  been  produced  to  meet 
a  varied  demand. 

The  invention  and  development  of  the  automobile 
is  the  product  of  the  genius  of  the  mechanical  engineer. 
He  has  devised  and  improved  all  kinds  of  labor-saving 
machinery,  such  as  semi-automatic  and  automatic 
tools.  He  has  developed  steam  transportation  by 
land  and  by  sea,  refrigeration,  and  the  uses  of  com- 
pressed air.  Steam  power  and  its  applications  to 
industry  have  exerted  a  powerful  influence  on  our 
civilization. 

Standardized,  interchangeable  parts  and  mass  pro- 
duction are  products  of  American  engineering  enter- 
prise which  have  brought  simplicity  and  economy  to 
industry. 

Electrical  engineering.  The  early  experiments  of 
Faraday  and  then  of  Benjamin  Franklin,  followed 
later  by  the  invention  of  the  Gramme  and  Brush 
dynamos  in  1878  and  of  the  incandescent  light  by 
Sawyer  and  Edison,  have  led  to  one  of  the  most  star- 
tling contributions  by  the  engineer  to  human  safety, 
convenience,  and  comfort. 

The  invention  of  the  electric  telegraph  by  S.  F.  B. 
Morse,  and  the  laying  of  the  first  trans-Atlantic 
cable,  revolutionized  communication.  Then,  about 
fifty  years  ago,  there  followed  the  telephone,  which 
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Alexander  Graham  Bell  invented.  Only  twelve  years 
ago  Marconi  and  De  Forest  developed  wireless,  or 
radio,  communication,  which  depends  on  new  scien- 
tific principles  unknown  twenty-five  years  ago.  The 
general  use  of  the  telegraph  and  telephone  and  the 
invention  of  radio  have  developed  a  new  field  called 
communication  engineering. 

The  field  of  electrical  engineering  now  includes  the 
design,  manufacture,  and  application  of  electric  gener- 
ators, the  latest  of  which  are  of  capacities  greater  than 
one  hundred  thousand  horse  power.  Motors  of  vari- 
ous types,  with  capacities  ranging  from  a  small  frac- 
tion of  one  horse  power  to  eight  thousand  horse  power, 
are  built  and  applied  to  all  kinds  of  machinery  and 
apparatus. 

Electric  railways  provide  urban  and  suburban 
transportation.  Railway  signaling  apparatus  and  a 
multitude  of  other  safety  devices  depend  on  applica- 
tions of  electricity.  At  the  same  time,  they  are  auto- 
matic in  operation,  relieving  men  of  manual  labor  and 
releasing  them  for  other  work. 

This  electrical  age  has  not  yet  reached  its  climax. 
More  men  are  employed  in  electrical  research  and 
development  than  in  any  other  field.  New  applications 
are  being  made.  Wireless-telephone  communication 
with  Europe  is  now  a  fact,  and  transmission  of  pic- 
tures by  wire  will  probably  be  followed  by  wireless 
transmission  of  photographs  as  they  are  taken  and  of 
scenes  as  they  occur. 
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Industrial  engineering.  The  invention  of  machin- 
ery to  replace  and  reduce  manual  labor,  the  design 
and  selection  of  special  machinery  for  special  jobs, 
factory  planning  with  a  view  to  more  economical  pro- 
duction, the  measurement  of  cost,  and  the  reduction 
of  cost  have  led  to  the  scientific  study  of  industrial 
methods  and  of  management.  This  is  one  of  the  new- 
est fields,  called  industrial  engineering  or  scientific 
management. 

The  improvement  in  working  conditions,  the  study 
of  fatigue  and  of  methods  to  relieve  workers  by  sup- 
plying proper  devices,  the  application  of  psychology 
to  industry,  and  the  improvement  in  methods  of  selec- 
tion, training,  and  promotion  are  largely  the  work  of 
industrial  engineers.  They  have  studied  wage  sys- 
tems with  a  view  to  rewarding  the  skillful.  Safety 
engineering  is  a  related  field  which  plans  protective 
devices. 

Chemical  engineering.  Chemistry  has  had  its  ap- 
pHcations  in  industry  for  many  years  in  increasing 
measure.  Since  the  war  its  scope  has  broadened  in 
this  country ;  and  it  is  the  primary  factor  in  the  manu- 
facture of  explosives,  dyes,  and  synthetic  chemicals, 
in  the  paper  and  wood-pulp  industries,  and  in  the 
preparation  of  sugar,  leather,  lubricants,  abrasives, 
and  many  other  products. 

Certain  arts  long  practiced  by  the  chemist,  com- 
bined with  a  knowledge  of  the  chemistry  of  fuels, 
rubber,  cement,   and  other  materials,  have  led  to 
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chemical  engineering,  which  combines  chemistry,  basic 
methods  of  reduction,  and  engineering  knowledge, 
and  applies  them  to  the  field  of  chemical  production. 

Mining  engineering.  The  production  and  refining  of 
precious  metals  is  one  of  the  oldest  arts  requiring 
knowledge  and  skill.  Today  the  mining  of  coal,  iron, 
copper,  silver,  and  gold  is  one  of  the  leading  industries. 
The  production  of  petroleum  and  natural  gas  is  also 
in  the  field  of  the  mining  engineer. 

Metallurgy  is  the  study  of  processes  of  producing 
iron,  steel,  aluminum,  copper,  brass,  and  an  increasing 
number  of  valuable  alloys.  Greater  strength,  greater 
resistance  to  shock,  and  other  important  qualities  for 
use  in  cables,  automobile  parts,  cutlery,  and  other 
products  have  been  secured,  and  the  methods  of  pro- 
duction have  been  cheapened.  New  scientific  prin- 
ciples are  being  applied  to  produce  better  and  cheaper 
fuels. 

Devices  for  rendering  mining  a  safer  occupation 
have  been  developed  by  the  mining  engineer. 


CHAPTER  IV 
THE  COLLEGE  COURSE  IN  ENGINEERING 

The  majority  of  engineering  curricula  are  four  years 
in  length,  but  several  institutions  have  five-year  cur- 
ricula in  which  more  time  is  spent  in  pursuing  liberal- 
arts  subjects.  In  cooperative  engineering  courses  the 
student  spends  about  one  half  his  time  in  shop,  indus- 
try, or  business,  learning  the  practical  side.  He  alter- 
nates by  studying  at  college  for  one  month,  then  taking 
a  full-time  position  for  a  period  of  one  to  three  months, 
and  following  it  by  a  period  of  study  of  equal  length  at 
college.  There  are  a  number  of  institutions  pursuing 
this  method. 

A  few  graduates  continue  their  education  after  grad- 
uation by  a  course  of  post-graduate  study  leading  to 
an  advanced  degree. 

As  a  rule  the  studies  pursued  the  first  year  are  the 
same  for  all  engineering  students,  because  the  different 
branches  are  based  on  the  same  fundamental  subjects, 
and  because  certain  general,  or  cultural,  studies  are 
included  which  are  desirable,  quite  independent  of  the 
course  pursued.  A  year  is  thus  provided  during  which 
the  student  may  learn  more  of  the  various  divisions  of 
engineering  and  make  a  final  selection  of  that  branch 
for  which  he  seems  best  adapted. 

60 
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A  number  of  institutions  have  adopted  the  "fresh- 
man week,"  which  precedes  the  opening  of  college  for 
upper  classmen.  This  week  is  devoted  to  an  inventory 
of  the  student's  abilities ;  it  is  used  also  in  impressing 
the  freshman  with  the  history,  organization,  traditions, 
and  rules  of  the  college,  and  in  teaching  him  how  to 
use  the  library,  how  to  care  for  his  health,  and  how 
to  study.  The  purpose  of  education  is  stressed,  and 
emphasis  is  laid  on  preparation  for  life  and  for  real  citi- 
zenship rather  than  for  earning  a  livelihood. 

Many  are  being  sent  to  college  with  no  definite  pur- 
pose. Others  are  going  for  a  general  education,  which 
is  commendable  if  they  have  the  necessary  gift.  Those 
who  go  with  an  aim,  a  goal,  have  an  interest,  a  stimu- 
lus, which  is  lacking  when  the  student  goes  with  no 
definite  object  in  view.  Without  an  object,  interest  is 
usually  lacking;  and  without  interest  or  desire  but 
little  will  be  accomplished.  The  student  who  has  no 
ambition  might  well  wait  until  he  has  this  essential 
quality,  rather  than  go  to  college  to  acquire  it.  Where 
there  is  no  great  incentive,  it  is  better  for  the  student 
to  work  for  a  year  before  entering  college.  The  experi- 
ence should  inspire  the  boy  with  a  greater  desire  for 
an  education,  it  may  help  him  to  decide  the  kind  of 
course  which  he  desires,  and  it  should  teach  him  cer- 
tain fundamental  lessons  of  punctuality,  obedience, 
perseverance,  thrift,  and  self-confidence. 

The  first  year.  The  first  year  is  the  real  test  of  ability 
to  master  the  average  course  leading  to  an  engineering 
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degree.  It  is  not  too  difficult  for  those  who  are  properly 
prepared,  industrious,  and  apt,  but  there  are  numerous 
factors  which  influence  the  result.  In  the  first  place, 
the  high-school  student  has  studied  under  the  super- 
vision of  teachers,  and  has  been  under  close  parental 
observation.  In  college  he  himself  determines  when  he 
shall  study,  what  he  shall  study,  and  how  he  shall 
study.  The  freshman  should  schedule  his  time  for 
study  and  his  time  for  recreation.  A  lack  of  self- 
organization  leads  to  time  wasted  and  unaccounted-for. 

The  average  engineering  curriculum  requires  the  stu- 
dent to  attend  college  more  hours  per  week  than  other 
curricula,  because  shop,  laboratory,  drawing,  and  de- 
sign courses  demand  three  hours  of  practice  instead  of 
the  one  hour  of  recitation  required  to  obtain  a  credit 
in  other  subjects.  A  curriculum  of  eighteen  credits 
requires  attendance  from  twenty-four  to  twenty-six 
hours  per  week.  If  the  average  is  eighteen  credits 
per  semester,  and  two  hours  are  devoted  to  prepara- 
tion for  each  recitation,  the  total  time  required  for 
preparation  and  attendance  at  class  is  fifty-four  hours 
per  week.  Some  students  spend  more  time  and  some 
less.  The  engineering  student  who  does  not  systema- 
tize his  time  will  find  little  opportunity  for  recreation 
unless  the  college  schedules  it  for  him,  as  many  are 
doing.  He  will  also  find  too  little  time  for  necessary 
sleep  and  diversion. 

How  to  study  ought  not  to  be  a  problem ;  but  it  is 
for  some.   They  are  homesick,  and  the  mind  wanders 
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to  other  scenes.  There  are  numerous  distractions, 
such  as  ''mass  meetings,"  class  meetings,  and  errands 
for  upper  classmen ;  but  these  are  not  much  greater 
now  than  they  have  become  in  high  school.  There  is 
the  new  freedom  to  do  as  one  likes;  and  it  requires 
time  for  some  students  to  learn  that,  in  college  and 
out,  freedom  does  not  mean  the  privilege  of  neglecting 
work  but  is  an  added  responsibility  to  do  more  work 
with  less  supervision. 

College  men  are  a  selected  group,  usually  repre- 
sentative of  the  best  students  of  the  high  school.  The 
rate  of  progress  set  is  therefore  higher  than  in  their 
previous  experience.  It  is  necessary  to  accomplish 
more  in  one  hour  of  study  than  could  be  required 
before.  Furthermore,  students  have  chosen  their  life 
work,  and  the  incentive  is  greater. 

Success  in  college  requires  the  systematic  use  of  time, 
and  concentration  on  the  lesson  in  hand.  It  is  desirable 
that  a  schedule  should  be  prepared  which  shows  not 
only  when  each  laboratory  and  recitation  period  occurs 
but  also  when  the  preparation  for  each  lesson  is  to  be 
made.  One  who  organizes  his  own  time  stands  a  good 
chance  of  having  the  responsibility  later  of  directing 
others.  The  student  in  engineering  who  cannot  sys- 
tematize his  own  time  has  less  chance  of  promotion  to 
an  executive  position  where  he  is  to  direct  the  ener- 
gies of  others.  By  such  specification  of  the  time  for  each 
study,  the  student  will  find  opportunity  for  recre- 
ation and  for  leisure.   Failure  to  systematize  usually 
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fritters  away  time  and  leaves  the  student  always  in 
a  last-minute  rush  to  catch  up  with  the  procession. 

Concentration  is  the  process  of  excluding  from  the 
mind  those  sights,  sounds,  and  thoughts  which  distract 
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the  attention  from  the  lesson.  Such  concentration 
is  the  first  requirement  in  gaining  that  efficiency  by 
which  a  good  student  can  accompHsh  in  one  hour 
what  the  average  takes  two  hours  to  do  with  less 
thoroughness.  A  student  whose  mind  works  slowly 
may  by  concentration  make  good  grades  if  he  has 
natural  aptitude  and  perseverance. 
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Be  honest  with  yourself.  If  you  do  not  know  a  les- 
son, say  so ;  do  not  bluff.  The  good  teacher  detects 
the  signs  at  once  and  has  little  respect  for  this  type  of 
student.  Students  sometimes  think  they  are  passing 
in  a  course,  only  to  find  that  they  have  failed.  They 
have  deceived  themselves  into  thinking  that  they  know 
the  subject  when  they  do  not,  and  have  not  taken 
the  trouble  to  ask  the  instructor  how  they  stand  until 
it  is  too  late.  If  in  doubt,  ask  the  instructor;  even 
if  not  in  doubt,  ask  him  anyhow. 

There  are  numerous  religious,  literary,  dramatic, 
journalistic,  musical,  class,  and  other  "outside"  activi- 
ties bidding  for  the  interest  of  the  student.  Some  stu- 
dents seem  to  think  that  most  of  their  real  education 
is  to  be  obtained  from  these  accessories.  They  are  of 
value,  but,  like  other  good  things,  should  be  taken  in 
moderation  and  with  a  sense  of  proportion.  The  fresh- 
man should  confine  himself  closely  to  his  studies  until 
he  has  proved  beyond  a  doubt  his  ability  to  carry 
one  student  enterprise  and  do  it  well  enough  so  that 
it  is  a  source  of  satisfaction  and  of  self-improvement. 
A  diversion  is  desirable,  but  the  tendency  is  to  over- 
emphasize the  value  of  such  activities  and  to  devote 
a  disproportionate  amount  of  energy  to  them.  The 
student  must  learn  to  say  No,  when  friends  suggest 
diversion,  if  there  is  work  pressing  to  be  done. 

Why  students  drop  out  of  college.  Of  the  engineer- 
ing schools  and  colleges  which  reported  the  reasons 
for  students'  leaving  college,  it  appeared  that  38  per 
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cent  of  the  students  graduated;  33  per  cent  left  vol- 
untarily or  were  dropped  because  of  failure  to  main- 
tain sufficiently  high  standards  of  scholarship ;  a  few 
changed  their  course  of  study;  some  did  not  have 
sufficient  funds;  2  per  cent  were  dismissed  for  bad 
conduct ;  3  per  cent  left  because  of  poor  health ;  some 
left  because  they  were  needed  at  home ;  other  reasons 
or  unknown  causes  were  indicated  for  9  per  cent  that 
did  not  finish  an  engineering  curriculum. 

The  item  of  greatest  importance  now  is  that  one  in 
three  failed  in  his  studies.  Why  ?  The  answer  is  given 
in  the  following  quotation  and  diagrams  (Figs.  7  and  8) 
from  Bulletin  No.  2  of  the  Society  for  the  Promotion  of 
Engineering  Education,  which  show  that  lack  of  ability, 
combined  with  lack  of  interest,  was  responsible  for  over 
50  per  cent  of  all  failures  of  students  in  engineering. 

The  causes  given  by  the  various  institutions  for  the 
failure  of  students  to  do  satisfactory  work  are:  lack  of 
ability  or  of  interest,  51.2  per  cent;  poor  preparation, 
15.6  per  cent ;  self-support,  8.1  per  cent ;  fraternity  life  and 
social  activities,  5.7  per  cent ;  health,  4.7  per  cent ;  under- 
graduate activities,  including  athletics,  2.8  per  cent ;  failure 
to  remove  entrance  conditions,  2.7  per  cent ;  other  [known] 
causes,  5  per  cent ;  and  unknown  causes,  8.7  per  cent. 

It  is  a  matter  of  common  observation  that  many 
students  fail  in  the  first  college  year  not  for  lack  of 
ability  but  because  of  neglect  of  their  studies.  The 
majority  of  those  who  succeed  during  the  first  year 
are  able  to  graduate  unless  finances,  health,  or  the 
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need  for  their  help  at  home  prevents  them  from  con- 
tinuing in  college. 

"  Dismissal  for  conduct"  accounts  for  only  2  per  cent 
of  those  dropped,  and  we  are  led  to  conclude  that  the 
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present  discussion  about  college  morals  is  "much  ado 
about  nothing."  In  general,  the  behavior  of  college 
students  is  better  than  that  of  non-college  people  of 
the  same  age,  and  much  better  than  it  used  to  be. 

It  is  extremely  rare  that  a  student  can  earn  his  ex- 
penses in  an  engineering  course  while  in  college  and  at 
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the  same  time  maintain  a  high  standing  in  his  studies. 
However  creditable  it  may  be  to  earn  one's  own  way 
while  at  college,  it  is  a  better  plan  for  the  young  engi- 
neering student  to  remain  out  of  college  for  a  year  and 
save  enough  to  pay  at  least  half  his  college  expenses. 
Not  only  will  he  get  more  out  of  his  technical  course, 
but  he  will  have  time  to  enter  into  some  well-selected 
student  activity ;  and  the  experience  will  be  valuable 
if  he  obtains  an  engineering  type  of  job. 

Good  health  is  necessary  for  success  in  college ;  and 
definite  thought  should  be  given  to  some  of  the  sim- 
plest principles,  which  are  often  neglected.  A  room 
should  be  selected  which  is  properly  heated  in  cold 
weather ;  this  should  be  a  condition  made  at  the  time 
of  leasing  or  renting.  Good  ventilation  of  sleeping  and 
study  rooms  should  be  a  habit.  A  draft  is  dangerous, 
and  can  be  avoided  by  placing  a  board  or  strip  of  cloth 
so  as  to  deflect  the  air  current  or  by  lowering  the  top 
sash.  A  shaded  light  should  be  so  placed  as  to  illumi- 
nate the  desk  and  not  shine  in  the  eyes.  Simple  food, 
selected  to  form  a  balanced  ration  and  well  masticated, 
is  a  necessity  if  the  digestive  system  is  to  function 
properly.  College  students  are  notoriously  hasty  eaters ; 
and  if  the  choice  is  left  to  them,  the  food  is  not  too 
well  selected  for  its  nutritive  value.  They  need  a  culi- 
nary guardian  or  a  college  commons.  Boarding-houses 
show  little  judgment  in  the  selection  of  foods,  with 
the  result  that  some  students  are  undernourished  even 
though  the  amount  of  food  may  be  adequate. 
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The  first-year  curriculum,  in  the  majority  of  technical 
schools,  is  the  same  for  all  departments  or  courses. 
The  first  year  of  mathematics  is  a  continuation  of  high- 
school  courses  in  the  same  subject.  The  English,  which 
usually  extends  through  the  first  year,  is  composed 
of  theme-writing,  public  speaking,  or  argumentation ; 
whatever  its  form,  it  is  designed  to  be  both  practical 
and  cultural.  Foreign  languages  are  not  required  in 
all  engineering-college  curricula.  When  they  are,  the 
subject  usually  demands  serious  effort  or  it  will  prove  a 
stumblingblock.  Lack  of  interest,  and  the  general  tra- 
dition that  the  engineer  does  not  need  other  languages 
than  English,  lead  some  to  neglect  foreign-language 
study  for  those  subjects  generally  considered  to  be 
more  "practical."  The  study  of  foreign  languages  fur- 
nishes useful  mental  discipline,  and  it  is  a  necessity  if 
one  expects  to  do  research  in  chemistry,  physics,  mathe- 
matics, or  any  other  field  of  technical  knowledge.  The 
average  student  does  not  know  yet  that  he  will  not 
need  them  for  these  practical  purposes.  Besides,  there 
is  a  certain  cultural  value  attached  to  the  study  of 
languages  if  one  goes  far  enough  to  get  some  of  the 
thought  of  other  peoples.  Drawing  is  important  to  all 
engineers;  for  no  matter  what  may  be  the  ultimate 
position  which  one  may  occupy,  the  probability  is  that 
one  will  be  required  to  serve  an  apprenticeship  in  draft- 
ing. Some  find  their  sphere  in  design,  and  almost  all 
engineers  express  their  ideas  and  give  directions  to 
others  through  sketches  and  drawings.   Various  other 
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courses  are  included,  such  as  orientation  and  problem 
courses,  which  give  the  student  an  idea  of  the  purpose 
of  his  training  or  give  him  a  group  of  problems  applying 
principles  which  he  has  already  learned. 

The  second  year.  Those  who  survive  the  first  year 
are  still  more  highly  selected,  and  should  make  higher 
average  grades  than  they  made  in  the  freshman  year ; 
but  this  expectation  is  not  usually  fulfilled.  The  aver- 
age grade  of  all  sophomores  is  not  as  high  as  it  was 
for  the  same  men  as  freshmen.  Why  is  this?  After 
the  first  flush  of  victory  there  is  a  tendency  to  be 
self-satisfied  and  to  accept  mediocrity.  Besides,  those 
sophomores  who  are  in  fraternities  take  considerable 
time  to  discipline  freshmen,  and  their  own  studies 
suffer  while  they  are  holding  the  freshmen  down  to 
"business."  Watch  out  that  you  do  not  fail  in  the 
second  year. 

In  the  second  year  the  study  of  mathematics  is  con- 
tinued ;  a  new  and  very  remarkable  method  of  analy- 
sis is  unfolded.  It  is  wonderful,  beautiful,  and  useful. 
Its  applications  to  mechanics,  hydraulics,  heat  en- 
gineering, and  electrical  analysis  are  nothing  less  than 
startling.  It  has  made  accessible  whole  fields  of 
knowledge  otherwise  closed  to  us  or,  at  least,  rendered 
much  more  difficult  to  cultivate. 

Now  the  engineering  student  takes  up  physics 
and  enters  the  physical  laboratory  for  the  study  of 
physical  measurements,  heat,  light,  sound,  magnet- 
ism, and  electricity.   These  constitute  a  part  of  the 
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foundation  on  which  the  subsequent  structure  rests. 
Mechanics  is  a  continuation  of  physics,  and  here  the 
student  progresses  more  definitely  into  the  field  of 
engineering  problems.  This  is  the  basis  of  much  civil 
engineering.  Thermodynamics  is  the  advanced  study 
of  heat  on  which  depends  the  analysis  of  the  per- 
formance of  steam  engines,  gas  and  oil  engines,  re- 
frigerating and  air-compressing  machinery.  On  this 
subject  is  erected  the  main  structure  of  mechanical 
engineering. 

The  subject  of  electricity  is  continued  for  the  elec- 
trical engineer. 

The  third  and  fourth  years.  These  are  devoted  to 
the  pursuit  of  the  fundamental  professional  subjects, 
such  as  design,  the  advanced  theory  of  structures  and 
apparatus,  the  operation  of  the  plant,  and  the  prac- 
tical economics  of  engineering. 

Opinions  of  engineers.  The  leading  engineers  are 
insisting,  in  the  hght  of  their  experience,  that  engi- 
neering schools  shall  include  more  subjects  such  as 
history,  psychology,  political  science,  economics,  and 
Enghsh.  It  is  necessary  that  the  engineer  be  more 
than  just  an  engineer  if  he  is  to  be  a  leader :  he  must 
be  a  good  citizen  as  well.  The  study  of  history  teaches 
him  the  reasons  for  the  rise  and  fall  of  empires.  The 
broadly  educated  engineer  can  aid  his  generation  in 
avoiding  the  mistakes  of  the  past.  Psychology  helps 
us  to  understand  better  our  fellow  men,  and  most 
engineers  who  succeed  must  direct  the  energies  of 
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others.  Economics  presents  the  fundamental  basis  on 
which  industrial  society  is  built.  Capital,  labor,  prop- 
erty, investment,  money,  and  trade  are  analyzed. 

The  importance  of  English.  Many  boys  neglect  the 
study  of  English  in  the  high  school  and  in  college  in 
the  mistaken  belief  that  it  is  not  a  necessity  but  merely 
something  to  be  endured.  English  is  of  great  practical 
value  to  the  engineer  who  expects  to  rise  above  the 
ranks.  A  large  number  of  experienced  engineers  of 
exceptional  ability  become  executives,  in  which  case 
it  is  necessary  for  them  to  define  the  work  that  others 
are  to  do.  This  requires  accuracy  in  thinking,  in 
speaking,  and  in  writing.  The  engineer  writes  speci- 
fications by  which  great  structures  are  built.  He  also 
draws  up  many  contracts.  These  require  a  knowl- 
edge of  the  meaning  of  words  and  an  ability  to  use 
them  correctly.  Another  duty  of  the  engineer  in  a 
position  of  responsibility  is  to  present  to  superior  of- 
ficials and  to  boards  of  directors  reports  supporting 
his  proposal  and  defending  his  figures.  In  order  to 
present  his  ideas  convincingly,  the  engineer  must  be 
able  to  speak  clearly,  concisely,  forcefully,  and  in 
terms  that  his  audience  can  understand,  whether  they 
are  laymen  or  engineers. 

It  is  deplorably  rare  to  find  young  technical  men  in 
possession  of  an  intimate  knowledge  of  rhetoric.  Business 
correspondence  is  often  annoyingly  protracted  because 
one  or  both  of  the  parties  conducting  it  ignore  the  simple 
law  of  unity  and  fail  to  round  out  and  complete  the 
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subject  under  discussion.  Errors  of  style  and  gross  errors 
of  composition  are  quite  as  frequent  in  the  correspondence 
of  the  technically  educated  man  as  they  are  in  that  of  the 
ordinary  clerk  who  went  to  work  when  he  left  the  grammar 
school.  It  is  because  engineers  are  so  little  accustomed  to 
order  their  thought  and  language  properly  that  they  have 
so  little  part  in  the  business  and  correspondence  of  the 
corporations  which  employ  them.  It  is  notorious  that  a 
technist  is  rarely  a  good  business  man.  This  is  partly 
because  of  the  exaggerated  importance  he  gives  to  tech- 
nical matters,  but  very  largely  because  his  thought  is 
clumsily  expressed  and  awkwardly  ordered. 

But  the  highest  skill  in  the  use  of  language  is  not  at- 
tained when  our  words  are  properly  spelled  or  pronounced 
and  our  sentences  formed  in  accordance  with  the  rules  of 
grammar.  In  fact,  these  are  only  bare  and  absolute  essen- 
tials —  the  skeleton  of  our  language  must  still  be  provided 
with  flesh  and  blood  and  nerves  before  it  will  live  and 
fulfill  its  mission.  The  whole  purpose  for  which  language 
is  employed  is  to  impress  our  thought  upon  others  in  such 
a  way  that  they  shall  feel  or  think  or  act  as  we  desire.^ 

The  engineer  who  expects  to  become  a  leader  should 
therefore  have  the  ability  to  speak  and  write  excellent 
English.  He  needs  a  good  vocabulary,  and  reading 
the  greatest  literature  is  the  best  way  of  acquiring  it. 
Furthermore,  the  engineer  needs  the  cultural  value 
which  is  available  through  reading  the  literature  of 
our  best  authors  even  though  the  experience  is  not 
directly  useful  in  his  profession. 

*  From  an  article  by  John  Lyle  Harrington,  consulting  engineer,  quoted 
by  the  Society  for  the  Promotion  of  Engineering  Education. 
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High-school  preparation  for  an  engineering  course. 
The  usual  requirements  for  entering  college  are  three 
units  of  English ;  one  and  a  half  or  two  units  of  alge- 
bra, and  one  and  a  half  units  of  geometry,  including 
solid  geometry;  two  units  of  foreign  language;  one 
or  two  units  of  science;  and  enough  more  to  make 
fifteen  units  (a  year's  work  in  a  subject,  with  recita- 
tions or  lectures  five  times  a  week,  constituting  a  unit). 

Therefore  the  student  expecting  to  pursue  an  engi- 
neering course  should  take  the  mathematics  and  science 
option  in  high  school.  Furthermore,  as  soon  as  he  has 
made  his  choice  he  should  obtain  the  exact  entrance 
requirements  of  the  particular  college  which  he  expects 
to  attend,  in  order  to  be  sure  that  he  can  meet  them. 

High-school  principals  and  teachers  should  be  ac- 
quainted with  the  particular  requirements  of  the  vari- 
ous technical  colleges.  The  student  should  consult  his 
teachers  concerning  his  personal  qualifications  and 
aptitudes.  If  there  is  an  engineer  with  whom  the  stu- 
dent may  confer,  it  is  advisable  to  get  information  and 
suggestions  from  him. 


CHAPTER  V 

ARCHITECTURE  AND  ARCHITECTURAL 
ENGINEERING 

Architecture  is  'Hhe  art  or  science  of  building,  par- 
ticularly the  art  of  constructing  houses,  bridges, 
churches,  and  other  buildings  for  the  purposes  of 
civil  life."  Often  it  has  been  called  *' civil  architec- 
ture." Another  definition  is  "a  system  or  style  of 
building,  having  certain  characteristics  of  structure, 
decoration,  etc.;  as,  Gothic  architecture."  The  design 
which  considers  purpose,  location,  and  convenience, 
and  also  proportion,  style,  and  other  factors  of  beauty, 
is  good  architecture. 

Architecture  emphasizes  the  artistic  and  decorative 
features  in  the  design  of  buildings.  The  architect  is  an 
artist,  and  his  design  delights  the  eye  at  the  same  time 
that  the  structure  may  serve  a  utilitarian  purpose. 
Inherent  good  taste  and  an  appreciation  of  the  sister 
arts  of  painting,  sculpture,  music,  and  literature  are 
desirable  characteristics  of  the  architect.  His  work 
reflects  the  life  of  the  people,  their  religion,  education, 
business,  and  pleasure.  As  civilization  becomes  more 
complicated,  as  methods  of  transportation  multiply, 
new  materials  are  used,  new  styles  are  introduced,  and 
the  architect  must  keep  abreast  of  changing  demands. 

75 


76  THE  ENGINEER 

The  study  of  various  styles  or  periods  is  important, 
such  as  the  classic  or  Greek,  the  Romanesque,  the 
Gothic,  the  Renaissance,  the  Elizabethan,  the  Georgian; 
each  belongs  to  a  particular  period  of  civilization. 
Architecture  reflects  the  ideals  of  the  age  in  which  the 
various  styles  originated. 

The  architect  plans  dwelhng  houses,  —  including 
country  houses,  manor  houses,  and  apartment  houses, 
—  churches,  cathedrals,  municipal  buildings,  educa- 
tional buildings,  and  monumental  structures.  The  de- 
sign of  the  modern  office  building  has  become  one  of 
the  most  important  works  of  modern  architects  and 
has  developed  a  new  and  distinctive  type  of  structure, 
the  decoration  of  which,  if  it  is  to  possess  distinctive- 
ness or  individuality,  is  more  difficult  than  that  of  the 
older  structure,  built  at  a  time  when  land  was  cheap 
and  proportions  were  determined  by  the  architect. 

The  architectural  engineer.  Architectural  engineer- 
ing is  a  profession  which  has  developed  in  recent  years 
as  a  specialized  branch  of  architecture  related  to  civil 
engineering.  While  the  architect  is  concerned  with  the 
drawing  of  sketches,  plans,  and  elevations,  and  adds 
the  artistic  touches,  it  is  the  architectural  engineer  who 
figures  and  designs  the  supporting  structure  and  at- 
tends to  its  structural  details. 

The  architectural  engineer  works  in  conjunction  with 
the  architect.  Because  of  this  relation,  he  must  have  a 
sympathetic  understanding  of  the  workings  of  the  ar- 
tistic mind,  and  must  use  his  skill  to  give  a  visible  form 
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to  the  dream  and  vision  of  the  architect.  It  is  the 
architectural  engineer  who  is  responsible  for  the  design 
and  construction  of  buildings  which  will  be  safe,  eco- 
nomical to  build,  and  efficient  in  operation. 

The  design  of  modern  steel  and  concrete  office  build- 
ings, theaters,  and  other  public  buildings  requires 
careful  study  of  the  very  heavy  loads  which  the  foun- 
dations and  the  framework  must  carry.  This,  in  turn, 
requires  a  scientific  analysis  of  the  stresses  caused  by 
such  loads,  including  wind  storms,  and  the  determina- 
tion of  the  amount  of  steel  which  is  required  in  roof 
trusses,  columns,  and  floor  structures  in  order  that 
the  building  may  be  safe.  There  are  many  designs 
which  might  be  safe  for  carrying  a  given  load.  But 
in  addition  to  safety  and  convenience  there  is  the 
question  of  the  economical  selection  of  the  material 
and  the  design  which  will  cost  the  least.  Besides, 
there  are  the  problems  of  heating,  ventilation,  lighting, 
plumbing,  and  power  for  elevators  and  other  pur- 
poses. These  all  require  special  engineering  training 
and  experience. 

Training.  The  average  four  years'  course  in  archi- 
tectural engineering  includes  the  usual  mathematics, 
physics,  chemistry,  and  mechanics  required  in  other 
engineering  courses.  In  addition,  the  study  of  struc- 
tures, of  steel  and  reenforced-concrete  design,  is  very 
important  and  is  similar  to  that  required  in  struc- 
tural engineering.  The  study  of  heating,  ventilating, 
lighting,  and  acoustics  represents  additional  features. 
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Elementary  courses  in  design  for  architects  are  also 
given  to  the  architectural  engineers.  The  emphasis  is 
on  the  design  of  the  structure  for  safety  and  economy 
and  its  proper  mechanical  equipment. 

Registrations  and  licenses.  Many  states  require  all 
architects  who  are  responsible  for  the  work  of  their 
office  to  be  registered.  They  must  have  satisfactory 
training  and  experience,  and  must  then  pass  an  ex- 
amination before  they  are  registered  and  licensed  to 
practice.  In  many  states  architectural  or  structural 
engineers  must  also  obtain  licenses  before  they  are 
permitted  to  practice. 

In  a  few  states  all  architects  and  professional  en- 
gineers in  responsible  charge  of  work  must  be  licensed. 
After  being  licensed,  the  engineer  may  become  the 
structural  designer  or  structural  engineer  in  the  large 
force  employed  by  an  architect,  or  he  may  become  a 
partner  of  an  architect.  He  may  also  establish  an 
independent  office  as  a  consulting  engineer  on  prob- 
lems of  special  design.  His  field  may  be  limited  to  steel 
structures  or  reenforced  concrete,  or  it  may  include 
both.  He  may  also  employ  specialists  to  plan  heating, 
plumbing,  elevator  service,  power  installation,  and 
other  special  features. 

The  architectural  engineer  may  also  design  a  great 
variety  of  industrial  buildings,'from  factories  to  power 
plants,  where  very  complicated  structural  problems 
enter  and  where  safety,  service,  and  economy  are  im- 
portant factors. 
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The  beginner.  The  graduate  from  a  course  in  ar- 
chitecture begins  his  experience  by  tracing  drawings 
made  by  others.  He  is  then  given  certain  studies  to 
make  preparatory  to  the  design  of  details.  He  is  per- 
haps assigned  to  a  building  under  construction  as 
inspector,  to  see  that  the  architect's  plans  and  speci- 
fications are  carried  out.  The  inspector  makes  esti- 
mates of  the  value  of  the  work  done  each  month,  upon 
which  estimates  the  payments  made  to  the  contractor 
are  based. 

The  student  expecting  to  pursue  architecture  should 
be  artistic ;  that  is,  he  should  appreciate  the  beautiful, 
in  the  fine  arts  or  in  nature,  including  harmony  in  line 
and  color.  He  should  also  have  skill  at  an  early  age 
in  drawing  and  sketching  with  a  pencil  or  ink  or  in 
color.  The  changing  demands  of  architecture  require 
in  the  larger  offices  some  who  are  business  organizers 
and  engineers.  A  few  designers  of  industrial  buildings 
are  also  contractors  for  their  construction. 

Young  women  have  long  since  entered  the  fields  of 
interior  decoration  (including  mural  decoration  and 
house  furnishing),  and  have  succeeded  in  these  fields. 
Today  a  few  young  women  are  pursuing  architecture 
with  the  intention  of  becoming  designers  or  decorators. 
A  field  exists  where  a  woman  may  anticipate  feminine 
tastes,  especially  in  furnishings,  draperies,  and  other 
details. 

Architecture  differs  from  the  usual  engineering  course 
in  that  less  mathematics  and  science  are  required 
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and  more  liberal  culture.  The  study  of  French  and 
history  is  more  important.  Moreover,  the  student 
of  architecture  begins  elementary  design  in  his  first 
year  and  continues  it  throughout  the  four  years.  The 
study  of  geometric  forms,  of  shades,  of  shadows,  and 
of  sketching  begins  in  the  first  year.  The  use  of  water 
colors  and  oil  painting  are  also  part  of  the  instruc- 
tion, their  purpose  being  to  develop  the  artistic  sense 
and  an  appreciation  of  color  effects  and  harmonies. 
A  large  amount  of  time  is  devoted  to  wash  drawings, 
which  present  to  scale  and  in  perspective  a  proposed 
design.  In  addition,  there  are  detailed  floor  plans, 
drawings,  and  sketches  for  the  guidance  of  the  con- 
tractor. The  course  includes  the  strength  of  mate- 
rials, simple  studies  in  the  strength  of  structures,  —  as, 
for  example,  those  of  timber,  steel,  and  concrete, — 
building  inspection,  bills  of  materials,  contracts,  and 
specifications. 

An  architect  may  be  a  good  draftsman,  business 
man,  and  organizer;  but  he  must  also  be  an  artist, 
with  imagination  and  an  appreciation  of  beauty. 

The  superintendent  of  construction  approves  or  dis- 
approves materials  and  methods  of  construction  (in- 
cluding protection  in  freezing  weather),  makes  changes 
in  the  design  (if  necessary),  and  authorizes  extra  work 
and  the  basis  of  payment  therefor.  He  may  return  to 
the  office  and  do  planning  or  designing  either  as  chief 
of  design  or  as  an  independent  architect.  There  is  a 
tendency  to  specialize  on  planning,  design,  equipment, 
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or  construction,  and  each  large  office  has  its  experts 
in  these  fields  or  consults  specialists. 

The  young  architectural  or  structural  engineer  may- 
have  much  the  same  experience  during  the  first  few 
years. 

Each  may  begin  by  tracing  drawings  made  by  more 
experienced  men ;  each  may  serve  as  inspector  or  su- 
perintend the  construction  of  a  building.  The  architect 
then  takes  up  the  aesthetic  problems  of  design,  studies 
the  different  orders  or  styles,  the  adaptation  of  ap- 
pearance to  use  or  convenience.  The  young  architec- 
tural engineer  devotes  himself  to  the  study  of  the 
strength,  durabiHty,  and  economy  of  materials,  de- 
signs columns,  girders,  and  trusses  to  support  the 
structure,  and  attacks  problems  of  erection,  makes 
bills  of  materials  needed,  and  estimates  costs. 


CHAPTER  VI 
CIVIL  ENGINEERING 

The  earliest  works  of  the  civil  engineer  were  roads 
and  bridges.  Later  in  the  development  of  civilization 
came  systems  of  water  supply,  drainage,  canals,  harbor 
works,  railroads,  tunnels,  and  buildings. 

The  modem  civil  engineer  makes  the  preliminarv 
surveys,  prepares  maps,  designs,  specifications,  con- 
tracts, estimates  of  cost,  and  reports  on  a  wide  variety 
of  projects.  He  prepares  detailed  drawings,  inspects 
and  superintends  construction,  and  often  operates  the 
works  which  he  has  designed.  Some  engineering  firms 
finance  the  projects  which  they  build. 

The  young  civil  engineer  may  find  employment  in 
one  of  three  general  classes  of  work :  first,  field  work ; 
second,  design ;  and  third,  operation. 

Field  work  includes  surveys  of  proposed  highways 
and,  to  a  very  limited  extent,  of  railways ;  resurveys 
for  improvement  of  line  or  grade  or  both ;  laying  out 
of  buildings  or  bridges;  and  inspection  of  the  con- 
struction, improvement,  or  repair  of  various  struc- 
tures. A  considerable  portion  of  the  time,  even  in 
severe  weather,  may  be  spent  out  of  the  office,  away 
from  cities,  —  in  places  where  living  conditions  may 
be  crude.   A  good  field  man  must  adapt  himself  easily 
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to  conditions  and  must  get  along  well  with  all  kinds 
of  people.  Field  experience  is  valuable  and  should  be 
obtained  soon  after  graduation. 

The  second  division,  called  design,  is  largely  office 
work  and  includes  drafting,  mapping,  computing,  and 
the  actual  design  of  structures.  Those  who  advance  in 
the  design  room  do  the  work  of  chief  draftsmen,  esti- 
mate costs,  prepare  bids,  and  direct  the  work  of  other 
draftsmen. 

The  third  division,  called  operation,  includes  the 
management  phases  of  civil  engineering.  Engineers 
of  maintenance  of  way  on  our  railroads  are  in  super- 
visory positions;  district  engineers  in  state  depart- 
ments of  highways  are  directing  the  work  of  others. 
Civil  engineers  are  appointed  as  city  managers  and  city 
engineers,  where  they  are  concerned  more  with  finan- 
cial and  human  problems  than  with  engineering  prob- 
lems. In  small  cities  or  with  small  companies,  one 
engineer  may  make  the  necessary  surveys  and  designs, 
estimate  the  cost,  and  recommend  that  the  work  be 
undertaken  or  not. 

The  city  commissioner  in  charge  of  a  water-works 
system,  a  sewerage  system,  street  cleaning,  or  similar 
work  is  an  operating  engineer.  The  superintendent  of 
a  water-filtration  plant  is  an  operating  engineer,  al- 
though technical  ability  may  be  as  necessary  as  man- 
agerial ability. 

Civil  engineering  has  become  specialized,  and  one 
person  cannot  become  an  expert  in  each  of  its  branches. 
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The  following  divisions  will  be  discussed  briefly : 

Highway  engineering  Structural  engineering 

Railway  civil  engineering  Bridge  engineering 

Municipal  engineering  City  planning 

Hydraulic  engineering  Surveying  and  geodesy 
Sanitary  engineering 

Highway  engineering.  The  modern  highway  engi- 
neer has  a  much  more  complex  problem  than  his  prede- 
cessors had.  The  automobile,  the  auto  truck,  and  the 
auto  bus  have  created  new  conditions.  Highway  engi- 
neering includes  location  of  new  roads,  and  the  reloca- 
tion of  old  routes  to  avoid  grade  crossings,  sharp  bends, 
bridges,  and  traffic  congestion.  Road-building  mate- 
rials and  the  economic  design  of  highways  to  suit  the 
nature  and  quantity  of  traffic  carried  and  expected  are 
receiving  serious  attention.  Road-traffic  census  data 
and  the  analysis  thereof  determine  widths  of  improved 
roads.  Economy  in  construction  and  maintenance  — 
including  the  questions  of  interest  and  sinking  fund 
on  both  bonds  and  cost  of  repairs  —  is  of  great 
importance. 

The  inspection  of  construction,  cost  studies,  causes 
of  deterioration  (including  effects  of  heavy  trucks  on 
wear),  and  safety  devices  are  receiving  careful  study. 
The  Bureau  of  Good  Roads  at  Washington  and  the 
state  departments  of  highways  are  the  chief  investiga- 
tors and  have  influenced  practice  to  a  marked  degree. 

A  few  technical  colleges  and  universities  offer  four- 
year  curricula  in  highway  engineering ;  but  many  more 
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provide  a  basic  curriculum  in  civil  engineering,  with  a 
highway-engineering  option  in  the  junior  and  senior 
years.  The  latter  provides  elective  courses  in  road 
materials,  including  laboratory  tests  of  brick,  stone, 
concrete,  bitumens,  asphalts,  and  road  oils  and  tars. 
Surveys,  maps,  plans  for  drainage,  and  earthwork, 
designs  for  culverts  and  small  bridges  are  prepared. 
Specifications  are  written,  and  costs  are  computed. 
The  four-year  curriculum  is  a  more  specialized  course 
and  may  include,  in  addition  to  the  above,  mstruction 
in  preparing  a  traffic  census,  economic  studies  com- 
paring the  annual  costs  of  different  types  of  highways, 
and  a  study  of  motor  transport  and  of  highway-office 
organization  and  administration. 

The  graduate  who  enters  this  field  is  usually 
assigned  to  a  surveying  corps,  to  mapping  surveys, 
to  earthwork  computations,  to  the  inspection  of  road 
oiling,  or  to  office  work.  If  he  has  ability  and  the  neces- 
sary personal  qualities  of  energy,  initiative,  agreeable- 
ness,  and  integrity,  he  may  be  promoted  to  the  position 
of  chief  of  a  survey  party,  inspector  of  construction, 
district  supervisor,  or  engineer.  The  organizations  in 
the  larger  and  wealthier  states  include  several  hundred 
rodmen,  chainmen,  inspectors,  draftsmen,  together  with 
district,  supervisory,  and  administrative  engineers. 

Just  at  present  far  greater  sums  are  being  invested 
annually  in  improved  highways  than  were  ever  spent 
before  on  canal  or  railroad  construction  in  the  same 
period  of  time.  The  population  is  larger,  the  nation  is 
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wealthier,  and  the  demand  has  arisen  suddenly  in 
all  parts  of  the  country. 

Railway  civil  engineering.  The  civil  engineer  is 
employed  on  railways  in  the  maintenance-of-way 
department,  or  else  in  the  main  offices,  where  he  is 
intrusted  with  bridge  and  building  design  and  with 
real-estate,  relocation,  double-tracking,  and  other 
general  problems. 

In  maintenance  work  the  young  engineer  is  en- 
gaged on  surveys,  the  realigning  of  tracks,  the  laying 
out  of  new  sidings,  problems  of  drainage,  real-estate 
boundaries,  office  records,  and  office  studies  required  in 
recommending  improvements.  The  engineer  of  main- 
tenance is  in  responsible  charge  of  track  work,  cul- 
verts, bridges,  buildings,  and  signals  and  other  safety 
devices.  His  position  is  an  important  one,  and  the 
most  successful  have  an  opportunity  for  promotion  to 
higher  operating  and  executive  positions. 

Civil  engineers  are  employed  also,  in  limited  num- 
bers, on  electric  urban  and  interurban  lines ;  but  new 
construction  is  rare,  since  the  motor  bus  has  largely 
forestalled  the  extension  of  suburban  and  interurban 
electric  lines. 

Municipal  engineering.  The  average  city  engineer 
is  responsible  for  the  construction  of  roads,  pavements, 
and  sewers,  the  extension  of  the  municipal  water- 
works system,  the  street-lighting  and  street-cleaning 
systems,  and  the  disposal  of  garbage. 

His  duties  are  varied,  and   require  considerable 
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experience  as  well  as  a  broad  engineering  education. 
The  demands  made  on  him  by  the  city  council,  the 
mayor,  or  the  various  municipal  boards  and  commis- 
sions, as  well  as  by  citizens,  are  such  as  to  call  for 
much  more  than  engineering  skill.  Fortunately  the 
tendency  now  is  to  remove  the  position  of  city  en- 
gineer from  politics;  but  in  many  cities  he  is  still 
a  political  appointee,  and  his  tenure  of  office  is  uncer- 
tain. In  either  event,  tact  is  an  essential  ingredient; 
and  human  engineering,  —  or  applied  psychology, 
—  common  sense,  and  economic  sense  are  inval- 
uable and  indispensable  to  the  successful  municipal 
engineer. 

The  usual  college  course  in  civil  engineering,  with 
such  electives  as  are  offered  in  this  field,  offers  suf- 
ficient experience  in  surveys,  the  laying  out  of  work, 
inspection,  and  estimates;  the  reading  of  technical 
journals  is  necessary  to  the  beginner.  After  that  it 
is  largely  a  question  of  opportunity  and  fitness  for 
the  position,  —  a  difficult  and  an  important  one. 

Hydraulic  engineering.  Irrigation  canals,  and  crude 
devices  for  raising  water,  were  used  in  Egypt,  Assyria, 
Palestine,  and  China  long  before  the  beginning  of  the 
Christian  Era.  Dams,  reservoirs,  and  canals  were 
built  in  India,  Ceylon,  northern  Africa,  France,  and 
Spain  in  more  recent  times. 

Under  the  support  of  our  Federal  government,  irri- 
gation in  the  Western  states  has  developed  a  number 
of  large  enterprises  which  water  immense  areas  of 
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good  soil.  The  measurement  of  water  resources  and 
of  the  amount  of  water  used,  the  determination  of 
the  quantity  of  water  required  for  various  crops  (in- 
cluding fruits),  the  design  of  dams,  reservoirs,  canals, 
and  irrigation  ditches,  and  the  handling  of  drainage 
are  problems  for  the  irrigation  engineer.  For  the  pres- 
ent the  development  of  arid  and  semi-arid  lands  is 
not  in  great  demand. 

The  reclamation  of  swamp  lands  and  the  control  of 
such  rivers  as  the  Mississippi  and  Missouri,  which  are 
subject  to  destructive  overflows,  have  been  closely 
related  to  the  development  of  parts  of  the  Mississippi 
Valley.  Vast  areas  of  rich  lands  have  been  brought 
under  profitable  cultivation. 

The  necessity  for  flood-protection  works  has  become 
apparent  as  a  result  of  the  study  of  recurring  heavy 
rainfall  in  connection  with  other  conditions.  The 
Miami  River  at  Dayton,  the  Scioto  at  Columbus, 
Ohio,  the  Wabash,  and  the  White  River  at  Indian- 
apolis have  proved  very  destructive,  and  hydraulic 
engineers  have  protected  affected  cities  by  various 
types  of  works. 

The  hydraulic  engineer  has  been  responsible  for  the 
development  of  water  power  and  the  apparatus  neces- 
sary to  its  utilization.  The  design,  construction,  and 
use  of  pumping  machinery,  and  of  devices  for  meas- 
uring the  quantities  of  water  used  and  the  power 
developed  or  required,  are  a  part  of  the  work  of  the 
hydraulic  engineer. 
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Hydroelectric  power  plants  include  the  dams,  con- 
trolling apparatus,  water  turbines,  electric  generators, 
transformers,  electric-measuring  instruments,  and 
transmission  lines  necessary  for  the  utilization  and 
distribution  of  the  water  power  which  is  transformed 
into  electrical  energy. 

The  earliest  water  wheels  were  actuated  by  the 
velocity  and  consequent  energy  of  natural  streams; 
then  low-head  dams  were  built,  and  finally  the  over- 
shot water  wheel,  which  grew  to  a  maximum  head 
and  diameter  of  wheel  of  eighty  feet.  Various  designs 
of  high-head  water  wheels  were  developed  in  France 
and  then  in  the  United  States,  and  the  latter  types 
are  now  in  general  use  all  over  the  world. 

Some  twenty-five  million  water  horse  power  of  po- 
tential energy  is  available  in  this  country;  but  only 
about  one  fourth  has  been  developed,  and  some  is 
remote  from  markets,  or  else  the  cost  of  development 
is  too  great  to  warrant  its  use  until  power  from  coal 
and  oil  has  become  more  expensive  through  a  decrease 
in  the  visible  supply. 

In  college  the  student  of  hydraulic  engineering  re- 
ceives instruction  in  the  fundamental  subjects  of  civil 
engineering,  including  the  principles  of  hydraulics,  the 
methods  of  measurement  used  to  determine  quantities 
of  water,  velocities,  heads,  and  energy,  and  a  labora- 
tory course  to  illustrate  the  various  principles  and 
methods.  In  addition,  there  is  the  study  of  various 
designs  of  water  turbines  and  their  characteristics  and 
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efficiencies.  The  design  of  dams  and  of  the  various 
works  necessary  to  develop  water  power  is  also  included. 

At  present  the  number  of  water-power  plants  under 
construction  is  not  large ;  but  the  beginner  might  be 
employed  on  construction  to  lay  out  the  work,  to  in- 
spect it,  to  keep  a  record  of  the  time  and  costs,  or 
to  take  charge  of  a  portion  of  the  work.  His  advance- 
ment would  be  from  construction  to  surveys,  to  gen- 
eral planning,  and  finally  to  the  design  of  details  of 
the  complicated  work  involved  in  a  modern  hydro- 
electric power  plant. 

Sanitary  engineering.  The  earliest  sanitary  code  is 
that  in  the  Book  of  Deuteronomy.  In  Biblical  times 
fire  was  used  to  destroy  houses  where  pestilence  had 
existed.  Through  the  Middle  Ages  filth  collected  in 
public  places,  and  epidemics  swept  away  thousands. 
The  Black  Death  of  the  fourteenth  century  took  one 
fourth  of  the  population  of  England. 

Even  as  late  as  the  beginning  of  the  nineteenth 
century,  adequate  sewers  and  protected  public  sup- 
plies of  water  were  rare.  The  only  public  sewers  were 
the  gutters,  and  the  town  pump  was  the  chief  source 
of  drinking-water.  Only  a  few  of  the  larger  cities  had 
made  any  attempt  to  protect  the  water  supply.  Lon- 
don had  a  small  municipal  supply,  carried  from  springs 
by  lead  pipes,  as  early  as  1235.  Boston  received  a 
supply  from  springs  by  gravity  as  early  as  1652.  Phila- 
delphia was  the  first  to  use  steam  pumping  machinery 
to  deliver  water  (1800). 
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Typhoid  fever,  malaria,  yellow  fever,  smallpox, 
cholera,  and  many  other  diseases  which  have  been  the 
scourge  of  the  human  race  have  now  been  reduced  or 
practically  eliminated  through  the  efforts  of  preven- 
tive medicine  and  sanitation.  Pasteur,  of  France,  was 
the  first  to  demonstrate  that  disease  could  be  commu- 
nicated by  invisible  organisms  called  bacteria.  Koch, 
of  Germany,  proved  the  existence  of  the  bacillus  of 
tuberculosis  by  which  the  disease  is  conveyed  from  one 
person  to  another. 

George  E.  Waring,  of  New  York,  was  one  of  the 
first  sanitary  engineers  in  America.  His  greatest  work 
was  the  sewering  and  general  cleaning  up  of  the  city 
of  Havana,  Cuba.  There  he  contracted  yellow  fever, 
which  cost  him  his  life,  as  it  had  the  lives  of  thousands 
before  him.  Now  yellow  fever  is  comparatively  rare 
in  cities  with  proper  drainage,  mosquito  extermination, 
and  sanitary  codes. 

Through  water  and  milk  and  other  foods,  typhoid 
fever  has  been  carried  from  those  afflicted  to  others. 
Proper  inspection  of  public  eating-places,  protection 
of  the  milk  supply,  and  prevention  of  pollution  of  the 
public  water  supply  at  its  source,  or  else  subsequent 
antiseptic  treatment,  have  reduced  the  typhoid  rate 
from  an  unbelievably  high  percentage  to  the  low  rate 
of  two  or  three  per  hundred  thousand. 

Sewage  which  flows  into  streams  causes  pollution, 
foul  odors,  and  disease  if  the  streams  are  used  as  sources 
of  drinking-water  for  human  beings.    Methods  have 
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been  devised  to  reduce  or  remove  the  hazard  as  condi- 
tions and  the  law  may  demand.  As  water  taken  from 
streams  is  rarely  free  from  pollution  or  from  danger  of 
pollution,  the  filtration  of  water,  and  treating  it  with 
chlorine  to  render  it  practically  free  from  bacteria  which 
transmit  disease,  are  now  common.  The  Lawrence 
Experiment  Station  of  the  Massachusetts  Board  of 
Health  was  one  of  the  first  to  study  the  effects  of 
water  filtration.  It  began  its  work  in  1890,  and  much 
of  the  development  of  the  modern  art  and  science  of 
sanitary  engineering  belongs  to  the  period  of  thirty-six 
years  since  that  time. 

The  sanitary  engineer  designs  systems  of  drainage 
and  sewers,  provides  for  the  collection  and  disposal 
of  garbage  by  feeding,  by  burning,  or  by  a  process 
which  recovers  certain  chemical  products  and  makes  a 
valuable  fertilizer. 

The  sanitary  engineer  has  first  the  basic  training  of 
the  civil  engineer  in  mathematics,  surveying,  mechan- 
ics, the  construction  of  steel  and  concrete  bridges,  and 
electrical  and  mechanical  engineering.  In  addition,  he 
studies  biology,  the  design  and  construction  of  sewer 
systems  and  water  works,  the  treatment  of  sewage,  the 
filtration  of  water,  and  garbage  collection  and  disposal. 
The  beginner  gets  his  first  experience  in  making  sur- 
veys, laying  out  the  work,  and  inspecting  construction. 
He  may  then  do  planning,  estimate  costs,  compare  the 
costs  of  different  plans,  study  the  details  of  more  com- 
plex works,  and  direct  the  draftsmen  in  the  prepara- 
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tion  of  plans  and  specifications.  There  are  opportunities 
for  him  in  the  employ  of  the  United  States  Bureau  of 
Public  Health,  the  engineering  corps  of  the  various 
state  departments  of  health,  the  municipal  government 
of  the  larger  cities,  and  firms  of  sanitary  engineers. 

Structural  engineering.  The  study  of  steel,  concrete, 
and  reenforced-concrete  structures  is  called  structural 
engineering.  It  is  almost  identical  with  architectural 
engineering,  except  that  the  latter  emphasizes  more  the 
artistic  aspects  of  structures  and  the  methods  of  the 
architect  in  preparing  perspective  and  wash  drawings 
for  presentation  to  clients. 

Structural  engineering  is  a  branch  of  civil  engineering 
and  has  for  its  foundation  the  same  drill  in  mathematics, 
physics,  and  mechanics.  It  requires  an  extended  study 
of  the  design,  construction,  and  inspection  of  bridges 
and  buildings,  including  the  sanitary,  electrical,  and 
mechanical  equipment  which  may  be  needed. 

Bridge  engineering.  Bridge  engineering  is  a  special 
branch  of  civil  engineering,  and  is  closely  related  to 
structural  engineering.  It  includes  the  designing  and 
construction  of  steel  and  reenforced-concrete  arches 
and  bridges,  and  a  study  of  the  foundations  and  equip- 
ment of  the  various  types  of  movable  bridges.  The 
arch-girder,  truss,  cantilever,  and  suspension  types  are 
used,  depending  on  the  location  and  conditions. 

After  the  technical  courses  in  the  theory  and  design 
of  structures,  the  graduate  who  desires  to  specialize 
in  bridge  engineering  should  enter  the  drafting  room 
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of  a  firm  of  bridge  designers  or  builders  to  obtain  expe- 
rience in  design.  Next  he  should  become  familiar  with 
shop,  or  fabricating,  methods  in  connection  with  steel 
bridges.  Field  experience  in  inspection  and  erection 
should  follow. 

City  planning.  Emphasis  on  parks  as  breathing 
spaces  for  growing  cities,  and  on  appreciation  of  the 
artistic  in  city  buildings  and  their  location,  together 
with  traffic  congestion  and  the  general  acceptance  of 
"  zoning  "  (in  order  to  separate  business  from  residential 
areas),  has  given  rise  to  city  planning  as  a  profession. 

Preparation  for  this  profession  includes  a  knowledge 
of  surveying,  landscape  architecture,  and  building 
codes,  the  planning  of  parks,  playgrounds,  and  civic 
centers,  and  a  study  of  traffic  of  all  kinds. 

Surveying  and  geodesy.  All  students  of  civil  engi- 
neering and  its  several  branches  receive  instruction 
in  elementary  surveying,  such  as  leveling,  running 
and  relocating  property  lines,  highway  and  railway 
surveys,  and  methods  of  obtaining  and  plotting  topog- 
raphy, or  *'the  lay  of  the  land,"  including  both  plan 
and  elevations  of  important  features  of  the  landscape. 
In  the  majority  of  technical  schools  students  in  elec- 
trical, mechanical,  and  other  divisions  of  engineering 
receive  instruction  in  the  use  of  surveying  instruments 
and  in  the  methods  of  laying  out  work. 

Beyond  this  elementary  work  in  surveying  incident 
to  construction,  there  are  two  fields  of  practice.  These 
are  general  surveying,  city  and  government  surveys. 
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The  first  includes  the  work  of  county  surveyors  and 
county  engineers  in  land  and  road  surveys,  drainage, 
and  culvert  and  small-bridge  work ;  also  preliminary 
surveys  for  railways,  irrigation  projects,  etc.,  including 
location  and  the  staking  out  of  work.  The  surveyor 
obtains  the  information  necessary  for  the  engineer  and 
carries  out  his  orders.  The  mining  surveyor  lays  out 
claims,  and  makes  surface  and  underground  surveys 
for  mining  operations. 

The  government  carries  on  a  variety  of  work  requir- 
ing the  services  of  surveyors.  The  Coast  and  Geodetic 
Survey  employs  them  in  surveys  of  harbors,  channels, 
and  the  coast  line,  in  preparing  maps  and  charts,  and 
also  in  deep-sea  soundings. 

The  United  States  Geological  Survey  obtains  the 
topography  and  geology  of  large  areas.  It  has  carried 
systems  of  triangles  called  triangulation  from  the  At- 
lantic to  the  Pacific  coast  and  has  covered  considerable 
parts  of  many  states.  This  requires  great  accuracy, 
applications  of  astronomy,  the  use  of  trigonometry 
and  advanced  mathematics  in  the  computation  of  lati- 
tude and  longitude,  and  the  determination  of  probable 
errors  in  the  results.  The  resulting  maps  have  been  of 
great  value  in  mining,  in  railway  and  highway  location, 
and  in  studies  of  watersheds  with  respect  to  water 
supply  and  water  power.  This  higher  government  sur- 
veying is  called  geodesy. 


CHAPTER  VII 

ELECTRICAL  ENGINEERING 

Electrical  engineering  is  the  youngest  of  the  major 
engineering  professions.  The  first  practical  applica- 
tion of  electricity  and  magnetism  is  found  in  the  early 
telegraph  systems  which  followed  the  discoveries  of 
Professor  S.  F.  B.  Morse,  shortly  before  the  year  1840. 
The  telegraph  remained  alone  in  the  field  until,  in 
1876,  Professor  Alexander  Graham  Bell  exhibited  the 
first  workable  telephone.  A  few  years  later  followed 
the  pioneer  work  of  Edison  in  the  development  of  the 
electric  generator  and  the  incandescent  lamp. 

Following  the  year  1893,  when  at  the  Chicago  Ex- 
position the  possibilities  of  transmission  of  energy  by 
alternating  currents,  and  the  progress  already  made  in 
the  lighting,  transportation,  and  communication  fields, 
were  widely  shown,  began  what  has  frequently  been 
called  the  Electrical  Era.  To  the  marvelous  inventions 
and  developments  of  this  period  the  United  States 
has  made  outstanding  contributions.  So  far-reaching 
have  been  the  results  of  the  discoveries  and  inventions 
in  the  realm  of  electricity  that  the  lives  and  habits  of 
all  civilized  peoples  have  been  markedly  influenced  by 
them.  Without  these  inventions  modern  industrial 
development  would  have  been  impossible. 

96 
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The  most  important  fields  in  which  electrical  en- 
gineers are  engaged  are  the  generation,  transmission, 
and  distribution  of  electrical  energy;  transportation 
(trunk-line,  urban,  and  interurban) ;  communication 
(wire  and  radio) ;  illumination  (exterior  and  interior, 
practical  and  decorative) ;  electrical  manufacturing ; 
and  miscellaneous  electrical  applications  in  industry, 
commerce,  and  home  life. 

In  the  field  of  generation  and  transmission  of  elec- 
trical energy  great  progress  has  been  made,  and  many 
changes  of  an  important  character  are  now  taking 
place.  The  interconnection  of  some  of  the  largest 
generating  stations,  often  located  many  miles  apart, 
into  single  superpower  systems  is  one  of  the  newest 
developments.  Increased  voltages  have  made  pos- 
sible the  transmission  of  electrical  energy  over  many 
miles  of  elaborate  and  carefully  designed  transmission 
lines,  whereas  in  metropolitan  districts  cables  carrying 
a  very  low  voltage  may  be  placed  in  ducts  under  the 
city  pavements.  Distribution  systems  have  becomeso 
extensive  and  complex  that  closely  woven  networks  of 
conductors  literally  cover  the  congested  areas  of  the 
larger  cities.  Automatically  operated  substations, 
without  human  attendance,  and  new  methods  of  pro- 
tection and  control  have  introduced  additional  and 
interesting  problems  in  this  field. 

Utilization  of  electricity  in  transportation  was  first 
confined  to  urban  and  interurban  surface  lines  and  to 
the  signal  systems  in  use  on  railroads.    Later  came 
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electric  propulsion  on  elevated  and  subway  lines,  and 
finally  the  complete  electrification  of  sections  of  im- 
portant trunk  lines  and  their  terminals.  Financial 
readjustments,  following  government  operation  of  the 
railroads  during  the  war  period,  checked  to  some  extent 
projected  electrifications ;  but  renewed  activity  may 
be  expected  during  the  next  few  years.  Electric-train 
control  now  being  required  by  the  Federal  government 
has  brought  new  problems  to  the  railway  electrical 
engineers. 

Amazing  developments  have  occurred  during  the 
past  two  years  in  communication  by  telephone,  tele- 
graph, and  radio.  Great  telephone  systems  have  made 
it  possible  for  one  subscriber  to  communicate  almost 
instantly  with  any  one  of  millions  of  other  subscribers. 
The  demand  for  telephone  service  is  increasing  at  such 
a  rapid  rate  that  telephone  companies  are  being  forced 
to  replace  girl  operators  in  exchanges  by  automatic 
switching  machines.  These  machines  are  exceedingly 
complex  and  may  well  be  said  to  possess  '*  mechanical 
brains."  As  a  result  of  the  installation  of  machine 
switching  systems,  a  much  larger  number  of  techni- 
cally trained  supervisors  are  required  than  in  the  older 
manual  systems. 

The  substitution  of  underground  telephone  cables 
for  thousands  of  overhead  wires  has  required  rare 
engineering  skill,  and  the  constant  increase  in  the  dis- 
tance over  which  telephone  conversations  may  be 
carried  on  has  multiplied  greatly  the  problems  of  the 
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telephone  engineer.  Developments  in  radio  telegraphy 
and  telephony  are  among  the  most  amazing  inventions 
of  the  age.  All  parts  of  the  world  are  now  within  easy 
communication  by  telegraph,  and  the  recent  accom- 
plishment of  transoceanic  telephony  has  established 
regular  telephone  service  between  Europe  and  America. 
Wire  and  wireless  transmission  of  pictures,  television, 
and  wireless-telephone  communication  with  ships  at 
sea  and  with  airplanes  are  among  the  problems  in- 
teresting experts  in  this  field.  A  demand  now  exists 
in  this  branch  of  electrical  engineering  for  well- 
qualified  engineers  who  can  handle  the  many  problems 
resulting  from  the  rapid  expansion  of  the  telephone 
industry. 

Experts  in  illumination  are  recruited  almost  en- 
tirely from  the  ranks  of  electrical-engineering  gradu- 
ates. The  conversion  of  electrical  energy  into  light, 
the  designing  and  manufacture  of  light  sources  and 
reflecting  media,  together  with  the  correct  planning 
and  installation  of  lighting  systems,  fall  within  this 
field.  The  electric  lighting  of  streets,  homes,  factories, 
and  buildings  of  all  kinds  has  greatly  improved  the 
living  and  working  conditions  of  our  people.  Electric 
illumination  has  become  an  art  which  is  applicable  in 
the  home  as  well  as  in  the  beautiful  and  spectacular 
lighting  of  show  windows,  public  buildings,  theatrical 
productions,  and  exhibitions.  This  branch  of  engineer- 
ing offers  exceptional  opportunities  to  the  engineer 
who  possesses  artistic  abilities. 
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Almost  countless  different  types  of  electrical  appa- 
ratus are  necessary  in  electrical-engineering  work.  This 
has  led  to  the  development  of  an  enormous  manufac- 
turing industry.  Such  apparatus  varies  in  size  from 
minute  devices  to  monster  dynamos  and  locomotives, 
and  in  complexity  from  common  lamp  bulbs  to  auto- 
matic telephone-switching  machines.  The  design,  de- 
velopment, manufacture,  testing,  sale,  and  distribution 
of  this  equipment  demand  the  services  of  large  num- 
bers of  well-trained  engineers. 

It  should  be  evident  from  this  brief  description  that 
the  electrical-engineering  profession  includes  men  of 
many  talents  and  qualifications,  engaged  in  many  dif- 
ferent fields  of  activity.  The  scope  of  electrical  engi- 
neering is  so  broad  that  each  engineer  usually  confines 
his  efforts  to  one  field  of  activity  in  but  one  branch  of 
the  profession.  These  fields  of  activity  can  be  referred 
to  only  briefly  here. 

Many  electrical  engineers  are  engaged  in  design, 
drawing  up  the  plans  and  specifications  which  must 
be  followed  in  the  manufacture  and  installation  of 
electrical  equipment.  Others  are  engaged  in  research, 
conducting  experiments  in  an  attempt  to  discover  un- 
known properties  of  materials  which  might  be  utilized 
in  the  different  branches  of  the  industry.  Another 
group  is  occupied  with  development  work,  carrying 
out  investigations  for  the  purpose  of  devising  new  and 
improved  types  of  equipment  or  methods  of  application. 

Eta  Kappa  Nu,  an  honorary  electrical-engineering 


ELECTRICAL  ENGINEERING  101 

fraternity,  has  supplied  valuable  information  concern- 
ing its  alumni  for  the  investigation  of  engineering  edu- 
cation. In  reply  to  a  questionnaire  about  the  kind  of 
work,  the  financial  distribution,  and  the  income  re- 
ceived by  electrical  workers,  replies  were  received  from 
a  total  of  nearly  two  thousand  persons,  some  of  whom, 
however,  may  have  reported  twice. 

OCCUPATIONS  AND  EARNINGS 

Distribution  in  various  kinds  of  activity.  The  kinds  of 
positions  and  fields  of  activity  of  graduates  are  factors  to 
be  considered  in  many  of  the  problems  of  engineering 
education.  In  the  past,  accurate  knowledge  in  this  regard 
has  been  meager.  Guesses  and  opinions  have  too  often 
been  advanced  as  facts.  A  statement  which  is  often  heard, 
for  example,  is  that  over  half  of  all  engineering  graduates 
leave  engineering  work  for  other  fields.  The  results  of  the 
present  study  indicate  quite  the  contrary.  The  distribu- 
tion of  graduates  among  the  several  functional  types  of 
activity  (research,  design,  supervision,  management,  com- 
mercial, etc.)  is  of  special  importance.  The  data  which 
are  summarized  in  the  following  tables  and  diagrams  give 
an  unusually  clear  picture  of  this  situation  in  the  field 
of  electrical  engineering. 

It  is  apparent  from  the  table  on  page  102  that  big  in- 
dustry, in  the  field  of  electrical  engineering  at  least,  ab- 
sorbs a  large  proportion  of  the  engineering  graduates  of 
the  country  since  more  than  half  of  the  alumni  members  of 
Eta  Kappa  Nu  are  employed  by  large  industrial  concerns 
or  public  utilities.  It  also  appears  that  a  larger  proportion 
of  electrical-engineering  graduates  are  employed  in  elec- 
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trical  manufacturing  than  in  any  other  principal  division 
of  the  field.  It  should  be  remembered  in  examining  fig- 
ures that  a  considerable  proportion  of  the  miscellaneous 
group  have  left  the  field  of  electrical  engineering  and  are 
employed  in  other  lines  of  work.  It  is  therefore  prob- 
able that  more  than  one  half  of  those  who  do  remain 
in  electrical-engineering  work  are  connected  with  manu- 
facturing concerns.^ 

Business  Connections  of  Eta  Kappa  Nu  Alumni 


NUUBER 


Per- 

CEiNTAGE 


Total 
Peb- 

CENTAGB 


Power  production  and  transportation 

Large  central  stations 

Small  central  stations 

Electric  railways 

Communications 

Telephone-operating  companies 

Telephone-manufacturing  companies  .  .  . 
Electrical-machinery  manufacturing 

Large  electrical  manufacturing  companies  . 

Medium-size  electrical  manufacturing  com- 
panies    

Small  electrical  manufacturing  companies    . 

Miscellaneous  manufacturing 

Contracting 

Miscellaneous 

Teaching 

Government  employ 

Jobbers 

Unclassified 

Grand  totals 

Total  in  manufacturing  and  contracting 

Total  in  public  utilities 

Total  in  miscellaneous  activities  .... 


140 
24 
17 

155 
68 

191 

55 

15 

121 

37 

53 

26 

17 

154 


13.0 
2.2 
1.6 

14.4 
6.3 

17.8 

5.1 

1.4 

11.3 

3.4 

5.0 

2.4 

1.6 

14.3 


16.9 


20.8 


24.3 

11.3 

3.4 


23.3 


1073 


100.0 


487 
336 
250 


45.3 
31.3 
23.3 


>  From  Bulletin  No.  8  of  "The  Investigation  of  Engineering  Education," 
The  Society  for  the  Promotion  of  Engineering  Education.  November,  1926. 
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Fig.  9  shows  the  distribution  of  Eta  Kappa  Nu 
alumni  in  "electrical  engineering,  other  engineering, 
and  non-engineering"  fields.  Of  the  entire  number, 
61.4  per  cent  are  in  the  same  field  as  their  college 
course,  22.1  per  cent  are  in  other  engineering  activi- 
ties, and  16.5  per  cent  are  in  non-engineering  activities. 
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Fig.  9.  Occupational  distribution  of  Eta  Kappa  Nu  alumni 

These  figures  differ  slightly  from  those  compiled  for 
the  graduates  of  all  engineering  courses.  The  Eta 
Kappa  Nu  figures  show  a  larger  proportion  in  the 
same  field  as  their  college  course  (61.4  per  cent 
against  56.7  per  cent),  about  the  same  proportion 
in  other  engineering  work,  and  a  smaller  proportion 
in  non-engineering  work.  It  is  interesting  to  note 
that  the  members  of  the  older  classes  show  a  smaller 
percentage  in  electrical  engineering.  This  is  to  be 
expected,  and  it  may  be  considered  a  normal  and 
healthy  condition. 
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Figs.  10  to  13  show  the  distribution  of  electrical- 
engineering  graduates  in  various  functional  activities. 
The  data  have  been  grouped  in  a  few  rather  than  a 
large  number  of  classifications :  (1)  technical,  includ- 
ing such  activities  as  designing,  research,  testing,  and 
inspection;  (2)  operation  and  maintenance;  (3)  ad- 
ministrative activities,  including  executive  direction, 
management,  and  the  like ;  (4)  commercial  activities, 
including  sales ;  (5)  other  activities.  These  diagrams 
are  worthy  of  careful  study.  One  feature  of  the  dia- 
grams is  especially  striking,  namely,  the  relative 
proportions  of  the  several  groups  who  are  engaged  in 
work  which  is  primarily  administrative  in  nature.  It 
should  not  be  assumed,  in  considering  this  feature  of 
the  diagrams,  that  positions  of  an  administrative 
nature  involve  greater  responsibilities  than  other 
types  of  positions. 

Distribution  by  functions  in  electrical  engineering. 
Fig.  10  shows  the  distribution  in  five  groups  of  func- 
tional activities  of  Eta  Kappa  Nu  alumni  who  are 
engaged  in  the  field  of  electrical  engineering.  The  first 
part  of  the  diagram  shows  the  distribution  of  the 
entire  group,  and  the  second  and  third  parts  show  the 
distribution  of  graduates  of  recent  and  of  older  classes. 
It  will  be  noted  that  12.7  per  cent  of  the  entire  group 
are  in  administrative  work  and  that  42.9  per  cent  are 
in  technical  work.  The  diagram  shows  that  adminis- 
trative work  attracted  a  larger  proportion  of  men 
from  the  older  classes  than  from  the  recent  classes. 
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This  gain  in  the  administrative  group  is  at  the  ex- 
pense of  the  technical  group  and  the  operation-and- 
maintenance  group.  There  is  a  small  increase  in  the 
proportion  of  graduates  in  commercial  work. 
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Fig.  10.   Occupational  distribution  in  various  functional  activities  of 

Eta  Kappa  Nu  Electrical  engineering  group  (61.4  per  cent  of  the  entire 

number) .  See  Fig.  9 

Distribution  by  function  in  other  engineering  fields. 
Fig.  11  shows  the  same  analysis  for  men  in  other  en- 
gineering fields.  The  same  shift  from  technical  ac- 
tivities and  operation-and-maintenance  activities  to 
administrative  work  is  indicated.  There  is  about  the 
same  proportion  of  graduates  of  recent  classes  in 
commercial  activities  as  in  the  case  of  older  classes. 
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Distribution  by  function  in  non-engineering  fields. 
Fig.  12  shows  the  same  distribution  for  those  in  non- 
engineering  activities.  As  might  have  been  expected, 
none  of  the  members  of  this  group  is  in  technical  work, 


Peb  cent                                   j^o 
)                 10                 20                 30                  40 

Per 

CENT 

g  9 

is 

L 
h 

6 

Technical 

48 

22 

66 

24 

27 
187 

26 

15 

36 

14 

20 

in 

22 

7 

30 

10 

7 
76 

25.7 

11.8 

35.3 

12.8 

14.4 
100.0 

23.4 

13.5 

32.4 

12.6 

18.1 
100.0 

29.0 

9.2 

39.4 

13.2 

9.2 
100.0 

Operation  and  maint 

Administi 

■ative    .   . 

Commerc 

lal  .   .   .   . 

Others  . 

Technical 

Oppration 

and  mainti 

Administi 

■ative     .    . 

Commerc 

lal  .    .   .    . 

Others  . 
Technical 

Operation  and  mainti 

enance  .   . 

. 

Administi 

Commercial  .... 

Others   . 

^"— 

Fig.  11.  Occupational  distribution  in  various  functional  activities  of 
the  "  Other  engineering  "  group  of  Fig.  9 

and  only  a  small  number  are  in  operation  and  mainte- 
nance. Over  half  of  the  entire  group  are  in  work  of  an 
administrative  or  executive  nature. 

Comparative  distribution  by  function.  Fig.  13 
shows  a  comparison  of  the  distribution  of  the  men  in 
electrical  engineering  and  in  non-engineering  occupa- 
tions. In  order  to  make  the  comparison  more  distinct, 
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operation-and-maintenance  work  has  been  grouped 
with  technical  work,  and  the  proportions  in  commer- 
cial and ''  other"  activities  have  been  grouped  together. 
The  comparison  of  proportions  in  the  technical  group 
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Fig.  12.  Occupational  distribution  in  various  functional  activities  of 
the  Non-engineering  group.  See  Fig.  9 

and  in  the  administrative  and  executive  group  is 
extremely  striking  and  suggestive. 

The  fact  that  technical  work  of  design,  research, 
and  the  like  is  entered  by  a  large  majority  of  the 
graduates,  and  that  work  of  this  character  is  the 
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normal  starting  place  on  the  road  to  promotion  to 
positions  of  administrative  responsibility,  is  clearly- 
indicated.  It  is  to  be  expected  that  the  proportion  of 
graduates  in  the  non-engineering  group  who  are  in 
administrative  work  would  be  greater  than  the  pro- 
portions in  the  other  groups.   Again,  it  must  not  be 
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Fig.  13.  Comparative  distribution  of  the  three  groups  of  men  in 
functional  activities 


assumed  that  positions  designated  as  administrative 
are  of  greater  importance  or  involve  greater  respon- 
sibilities than  those  designated  as  technical ;  in  fact, 
the  reverse  is  generally  the  case  with  the  positions 
occupied  by  the  younger  graduates. 

The  rapid  growth  of  the  electrical  industry  and  the 
increasing  breadth  of  the  field  has  brought  with  it  a 
growing  demand  for  graduates  with  sound  training  in 
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this  field.  The  opportunities  have  been  and  still  are 
exceptionally  attractive.  Advancement  has  been  rapid 
for  those  who  were  capable  and  who  also  possessed 
those  qualities  of  personality  and  character  which  are 
indispensable  in  the  good  supervisor  or  executive. 

They  vary  from  highly  scientific  positions  such  as 
those  in  research  to  those  of  a  business  or  financial 
character.  The  largest  research  laboratories  are  sup- 
ported by  the  electrical  industries.  There  are  also  the 
fields  of  apparatus  design,  manufacturing,  application, 
sales,  and  supervision.  In  the  telephone  service  there 
are  traffic  and  personnel,  construction  and  operation. 
Central-station  design,  public  relations,  extension  of 
service,  are  other  lines  of  development  which  offer  a 
future  to  the  young,  aggressive,  capable,  reliable,  and 
likable  graduate  in  electrical  engineering  who  has  the 
knack  of  ''getting  along  with  people." 


CHAPTER  VIII 
MECHANICAL  ENGINEERING 

The  world  today  looks  to  the  mechanical  engineer 
for  its  supply  of  power.  Of  equal  importance  is  its 
reliance  upon  him  to  design,  build,  and  operate  ma- 
chinery and  appliances  to  convert  the  raw  materials  of 
nature  into  useful  products.  In  the  half-century  since 
mechanical  engineering  has  been  recognized  as  a  pro- 
fession, progress  in  its  many  fields  has  been  greater 
than  in  all  the  ages  preceding;  on  land  and  sea,  in 
every  household  and  public  building,  and  in  the  devel- 
opment of  industrial  plants  the  mechanical  engineer 
has  revolutionized  our  ways  of  doing  things  and  raised 
the  standards  of  living.  Whether  the  power  is  obtained 
from  the  burning  of  coal  under  a  boiler,  from  the  falling 
of  masses  of  water,  or  from  the  combustion  of  gasoline 
or  oil  in  an  internal-combustion  engine,  the  mechanical 
engineer  is  charged  with  the  duty  of  converting  these 
sources  of  energy  into  forms  of  motion  available  for 
doing  useful  work.  His  occupation  is  to  design  and  con- 
struct the  necessary  machines  and  devices,  to  supervise 
their  operation,  and  constantly  to  improve  them  so  as 
to  get  the  maximum  advantage  with  the  least  expendi- 
ture of  time,  money,  and  human  effort.  When  power 
has  been  made  available  for  doing  useful  work,  it  is  the 
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mechanical  engineer  who  devises  labor-saving  machines 
and  apparatus  to  transform  raw  materials  into  products 
for  the  comfort  and  well-being  of  the  human  race. 

The  machines  and  devices  that  engage  the  attention 
of  the  mechanical  engineer  today  are  of  recent  de- 
velopment ;  but  the  principles  on  which  they  operate 
have  been  known  for  centuries,  some  of  them  from  re- 
mote antiquity.  Long  before  the  Christian  Era  the 
energy  of  a  running  stream  of  water  was  applied  to 
grind  corn,  thus  releasing  the  slaves  of  that  day  for 
other  work.  About  200  B.C.,  Hero  of  Alexandria  de- 
scribed a  method  for  opening  the  temple  doors  by  the 
action  of  fire  on  an  altar,  an  ingenious  device  which 
contained  all  the  elements  of  the  ''atmospheric  engine" 
which  the  marquis  of  Worcester  perfected  in  1712.  It 
was  this  later  machine  which  James  Watt,  in  1774, 
developed  into  a  steam  engine,  with  its  essential  de- 
tails of  the  modern  reciprocating  engine.  Hero  also 
described  a  device  in  which  steam  issued  from  a  reac- 
tion wheel ;  but  it  was  over  eighteen  centuries  before 
Sir  Charles  Parsons,  in  1884,  built  the  first  successful 
reaction  steam  turbine. 

Years  are  required  to  find  out  the  shortcomings  of 
such  a  machine  as  the  steam  engine;  so  the  world 
waited  until  1876,  when  George  H.  Corliss  exhibited 
his  first  steam  engine,  which  was  one  of  the  features 
of  the  Centennial  Exposition  at  Philadelphia  in  1876. 
This  machine  showed  that  steam  engines  could  be 
built  in  quite  large  units ;  for  the  engine  at  the  Cen- 
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tennial  was  of  one  thousand  horse  power,  the  largest 
ever  built  up  to  that  time,  and  just  a  little  larger  than 
industry  demanded.  Only  a  few  years  later  came  the 
next  big  step;  for  in  1882  Dr.  Gustaf  de  Laval,  a 
Swedish  engineer,  brought  out  the  impulse  steam  tur- 
bine first  proposed  by  Branca  in  1628.  These  machines 
inaugurated  the  era  of  enormous  amounts  of  power 
developed  in  one  machine,  and  also  the  day  of  exceed- 
ingly efficient  transformation  of  energy  from  coal  to 
electricity.  Units  up  to  two  hundred  thousand  horse 
power  are  being  built  today,  and  are  delivering  a  kilo- 
watt of  power  from  a  single  pound  of  coal.  Another 
recent  development  in  steam  power  was  the  invention 
of  the  uniflow  engine  by  Dr.  Johann  Stumpf  of  Berlin, 
by  which  device  he  increased  the  thermal  efficiency  of 
the  medium-sized  reciprocating  steam  engine  for  par- 
tial load  as  well  as  for  full  load.  The  uniflow  engine 
is  also  taking  its  place  as  one  of  the  most  economical 
forms  of  steam  engine. 

Like  the  steam  engine  the  present-day  gas  and  oil 
engines  are  the  results  of  many  workers  operating 
through  a  relatively  long  period  of  time.  The  first 
internal-combustion  engine  worthy  of  the  name  was 
built  about  1675  and  used  gunpowder  as  fuel.  The 
developments  by  Street,  in  1794,  and  Lenoir,  in  1860, 
bring  us  to  the  celebrated  Otto  engine,  perfected  at 
almost  the  same  time  as  the  Corliss  engine,  and  ex- 
hibited at  the  Paris  Exposition  in  1878.  The  develop- 
ment of  the  internal-combustion  engine  for  automobiles 
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and  airplanes  has  been  of  great  economic  significance. 
The  development  of  the  Diesel  engine  for  marine  pro- 
pulsion played  an  important  part  in  the  World  War 
and  set  the  pace  for  the  development  of  all  forms  of 
solid-fuel  injection  engines. 

The  invention  and  development  of  machine  tools  is 
one  of  the  great  contributions  of  the  mechanical  engi- 
neer. Precise  work,  as  well  as  work  on  large  pieces, 
was  impossible  until  the  engine  lathe  was  devised.  By- 
it  a  competent  workman  could  do  more  accurate  work 
and  at  a  greatly  reduced  cost.  The  metal-planer,  the 
shaper,  machines  for  cutting  gear  teeth,  and  then  the 
turret  lathe  appeared,  on  which  several  operations  can 
be  performed  without  touching  the  part  being  ma- 
chined. The  automatic  screw  machine,  grinding  appa- 
ratus for  precise  finishing,  and  high-grade  steel  tools  of 
a  wide  variety  have  been  contributed  by  the  mechani- 
cal engineer. 

Through  the  development  of  mechanical  power- 
generating  and  power-utilizing  machinery,  this  profes- 
sion has  contributed  a  distinct  part  to  the  advancement 
of  our  modern  civilization. 

Mechanical  refrigeration  is  not  a  new  art.  The 
practice  of  cooling  bodies  below  the  temperature  of 
the  surrounding  atmosphere  has  been  followed  for 
ages,  utilizing  some  method  of  evaporating  a  liquid  in 
order  to  extract  heat  from  the  liquid  itself.  This  found 
a  practical  application  in  1755  in  the  construction  of 
a  vacuum  machine  freezing  water  by  evaporation. 
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The  vapor-compression  machine  of  1834  was  the 
next  step;  but  the  first  industrial  application  was 
Harrison's  machine  used  in  England  in  1861.  This 
was  followed  by  the  ammonia-compression  machine 
built  by  Linde  in  1873.  Six  years  earher  the  first 
absorption  machine  was  in  successful  operation. 
Refrigerating  machines  are  used  today  in  more  than 
two  hundred  important  industries.  We  are  told  that 
more  than  $150,000,000  is  now  invested  in  household 
mechanical-electrical  machines  alone,  and  this  in- 
dustry is  only  in  its  infancy.  The  refrigerating  ma- 
chines in  1922  were  capable  of  producing  one  million 
tons  of  ice.  Today  there  are  about  a  billion  cubic 
feet  of  cold-storage  space,  in  which  much  of  the  food- 
stuffs of  the  country  is  kept  fit  for  human  consumption. 
There  is  hardly  a  branch  of  engineering  where  the 
art  of  refrigeration  does  not  directly  apply,  and  many 
chemical  processes  rely  upon  it.  The  ice  and  the  cold- 
storage  plant  involve  the  essential  features  of  design 
found  in  the  steam-power  plant,  and  both  types  call 
for  a  thorough  understanding  of  the  laws  of  heat. 

The  field  of  heating  and  ventilation  has  grown  into 
a  great  mechanical-engineering  industry.  Formerly 
people  were  satisfied  with  the  crudest  forms  of  heating 
appliances.  From  the  early  open-grate  fire  heating 
has  been  developed  into  a  science  which  calls  for  a 
close  study  of  the  action  of  heat  on  the  functioning 
of  the  human  body,  so  that  today  air-conditioning 
in  connection  with  heating  and  ventilation  has  be- 
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come  a  study  of  wide  application  to  the  industries. 
The  insulation  of  houses  is  the  first  step  toward  a 
nation-wide  effort  to  conserve  heat  and  to  keep  the 
house  comfortable  in  warm  as  well  as  in  cold  weather. 
One  of  the  next  steps  is  to  apply  refrigeration  to  the 
home,  making  it  as  comfortable  during  the  summer 
months  as  it  is  kept  during  the  other  parts  of  the  year. 

The  mechanical  engineer  has  contributed  in  many 
ways  to  the  art  of  transportation.  One  of  the  out- 
standing examples  is  the  development  of  the  modern 
locomotive,  capable  of  hauling  a  load  of  twenty  mil- 
lion pounds  or  more  and  operating  with  an  economy 
comparable  to  that  of  a  large  power  plant.  The  de- 
signing and  building  of  freight  and  passenger  cars, 
the  development  of  the  Diesel  locomotive,  the  origi- 
nating and  perfecting  of  the  air  brake,  the  devising  of 
mechanical  features  in  signaling  and  automatic  train 
control,  and  the  improvement  of  railway-shop  equip- 
ment are  but  a  few  of  his  many  important  contribu- 
tions in  this  great  field  of  public  service. 

Space  limits  a  discussion  of  the  development  of  the 
automobile  and  airplane,  marine  engines,  and  ore- 
hauling  devices,  and  recent  advances  in  the  industrial 
application  of  compressed  air,  manufactured  gas, 
powdered  fuel,  and  automatic  machinery,  as  well  as 
progress  in  scores  of  other  equally  important  branches 
of  mechanical  engineering. 

A  young  man  who  carefully  analyzes  himself  and 
decides  that  he  is  fitted  for  mechanical  engineering 
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need  have  no  fear  of  not  finding  an  opportunity  to  be 
of  service  to  the  community  if  he  will  conscientiously 
dedicate  himself,  his  education,  and  his  training  to 
the  ideal  of  service. 

A  subcommittee  of  the  American  Society  of  Me- 
chanical Engineers,  at  the  December  meeting,  1926, 
presented  a  report  (see  Proceedings,  February,  p.  147) 
which  shows  the  value  of  a  mechanical-engineering 
education  to  those  whose  positions  were  reported  in 
the  railway-transportation  and  railway-supply  fields. 
This  committee  made  a  study  of  ''the  railroad  careers 
of  twenty-five  railroad  officers  in  six  different  grades." 

Average  Ages  of  Twenty-five  Railroad  Officers  in  Each 
Grade  showing  Average  Number  of  Years  required  to  reach 
Certain  Positions,  and  Time  gained  by  College  Graduates 
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The  right-hand  column  of  the  table  shows  the  number 
of  years  gained  by  the  college  graduate  in  reaching  each 
position  listed,  over  the  time  required  by  the  non-college 
man  in  reaching  the  same  position.  The  officers,  selected 
at  random,  are  all  employed  by  Class  I  railroads. 
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The  superintendent  of  motive  power  is  the  active  head 
of  the  mechanical  department.  A  master  mechanic  is 
head  of  the  repair  shops  of  a  division,  and  quite  often  has 
charge  of  both  locomotive  and  car  repairs.  On  most  roads, 
however,  the  master  mechanic  has  only  locomotive  main- 
tenance to  supervise.    The  mechanical  engineer  usually 

$15,000  after 
thirty  years 


$2,500  begin- 
ning salary 

Maximuin^^^ 

Median 

$2,000  begin- 
ning salary 

Minimum 

$1,500  begin- 
ning salary 

$6,500  after 
thirty  years 


$4,000  after 
thirty  years 


Years  after  graduation 

Fig.  14.  Chart  showing  the  earnings  of  mechanical  engineers  employed 
by  railroads  up  to  and  including  the  position  of  chief  of  motive  power 

reports  to  the  superintendent  of  motive  power,  and  his 
work  generally  pertains  to  the  design,  alteration,  and 
selection  of  rolling  stock  and  shop  equipment. 

In  each  of  the  lines  of  activity  mentioned  in  this 
chapter  there  are  unlimited  opportunities  to  design, 
build,  operate,  sell,  finance,  organize,  investigate,  and 
invent,  according  to  the  special  ability  of  the  worker. 
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The  field,  indeed,  is  large,  calling  for  a  diversity  of 
talents  and  interests,  and  it  liberally  rewards  the 
worker  who  can  produce  outstanding  results.  The 
mechanical  engineer  is  not  a  stationary  engineer; 
he  does  not  drive  a  locomotive,  or  operate  a  lathe  in 
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Fig.  15.   Earnings  of  engineering  graduates 

Data  assembled  by  Eta  Kappa  Nu  and  by  the  Society  for  the  Promotion 
of  Engineering  Education 

the  machine  shop.  These  are  trades,  and  mechanical 
engineering  is  a  profession.  But  the  mechanical  en- 
gineer must  know  these  machines  and  others,  because 
the  world  looks  to  him  to  keep  improving  them. 

After  a  student  has  graduated  in  mechanical  en- 
gineering, he  is,  as  a  rule,  first  given  designing,  or 
else  he  is  assigned  to  the  shops  or  power  plants,  in 
order  to  gain  a  knowledge  of  the  products  and  proc- 
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esses  of  the  particular  industry.  His  work  may  be  in 
erecting  and  testing  new  machinery  or  in  the  sales 
department.  Of  necessity  his  first  work  must  be  done 
under  the  supervision  of  an  older  and  more  experienced 
man,  and  consequently  some  of  his  real  worth  must 
be  used  to  pay  for  this  supervision.  His  earnings  will 
not  be  large  at  this  period.  Later  on,  as  he  acquires 
familiarity  with  the  products,  processes,  and  policies 
of  his  company,  he  may  win  promotion  to  responsi- 
bility for  design,  for  estimating  or  sales  work,  or  for 
administrative  duties. 

In  1926  there  were  some  ten  thousand  students  in 
mechanical  engineering  in  the  schools  of  the  United 
States,  out  of  a  total  of  some  fifty  thousand  students 
in  engineering  of  all  kinds.  While  this  seems  like  a 
large  number,  there  are  opportunities  for  all  who 
show  application  and  ability.  More  and  more  the 
industries  of  this  country  are  putting  trained  en- 
gineers into  responsible  executive  positions,  such  as 
that  of  president  or  of  general  manager ;  and  the  one 
reason  why  this  has  not  happened  before,  and  is 
not  happening  today  to  a  greater  extent,  is  because 
there  have  not  been  enough  engineers  with  the  nec- 
essary training,  experience,  and  personal  qualities  for 
these  jobs. 


CHAPTER  IX 

INDUSTRIAL  ENGINEERING 

The  well-trained  industrial  engineer,  who  is  chiefly 
a  mechanical  engineer,  is  equipped  to  handle  the  en- 
gineering problems  of  industry  pecuHar  to  production 
design,  production  methods,  equipment,  operation, 
and  the  efficient  coordination  of  these  elements  into 
an  industrial  organization  through  the  proper  ad- 
ministration of  the  personnel.  He  should  be  familiar 
with  good  business  practice  and  accounting  methods, 
as  these  are  the  criteria  by  which  he  judges  the 
economy  of  his  organization. 

The  various  types.  Among  successful  industrial 
engineers  may  be  found  the  designer,  or  the  inventive 
type ;  the  analytical  type,  or  the  man  who  has  ability 
to  diagnose  problems.  The  man  who  Hkes  to  make  or 
build  things  is  commonly  classed  as  the  constructive 
type  of  engineer.  Industrial  engineering  attracts  es- 
pecially the  operating,  or  management,  type  and  the 
commercial,  or  sales,  type  —  men  who  generally  follow 
so-called  application  engineering.  Lastly,  perhaps, 
there  is  the  research,  or  investigative,  type. 

These  men  find  different  interests  in  the  natural 
divisions,  or  fields,  of  industrial  engineering.  These 
include  factory  planning  and  construction ;  industrial 
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accounting  and  cost  work ;  production  planning  and 
control ;  the  study  of  machines  and  wages ;  personnel 
administration;  quality  control  and  inspection;  fac- 
tory management  and  operation;  manufacturing  de- 
sign and  methods;  and  industrial  finance  and  sales 
operations. 

An  industrial  engineer  is  not  necessarily  a  skilled 
mechanic,  although  the  knowledge  of  a  trade  may  be  a 
distinct  advantage  to  him.  He  is  not  trained  to  become 
a  skilled  machinist,  carpenter,  molder,  core-maker, 
or  the  like,  but  rather  is  trained  to  handle  problems  of 
an  engineering  character  incident  to  the  economical 
production  of  goods.  In  other  words,  he  has  received 
a  professional  training  which,  with  further  practical  ex- 
perience, will  enable  him  to  handle  the  engineering 
and  executive  problems  involved  in  the  successful 
management  and  operation  of  factories,  public  utili- 
ties, and  engineering  concerns  of  similar  character. 

Factory  planning.  It  would  be  well  at  this  point  to 
discuss  more  in  detail  the  nature  of  his  duties  in  the 
various  fields  listed.  An  industrial  plant,  no  matter 
how  complex,  is,  after  all,  a  workshop  used  to  produce 
a  specified  quantity  of  a  product  of  a  definite  stand- 
ard of  quality  at  a  minimum  cost.  The  industrial 
engineer  in  the  field  of  factory  planning  must  solve 
problems  in  connection  with  the  design,  layout,  and 
construction  of  various  factory  plants,  including  such 
items  as  choice  of  type  of  building;  selection  and 
installation   of    apparatus   for   the   generation   and 
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transmission  of  power ;  heating,  ventilating,  and  light- 
ing systems ;  and  complete  mechanical  equipment  for 
producing  a  given  quantity  of  products.  This  in- 
volves, further,  the  selection  and  layout  of  machines 
and  processes  for  the  manufacture  of  the  product 
—  including  the  type  and  number  of  machines  to  be 
installed  —  and  the  arrangement  of  departments  for 
economical  manufacture. 

Industrial  costs.  The  industrial  engineer  specializ- 
ing in  industrial  costs  enters  an  attractive  field  offering 
unusual  opportunities.  His  position  is  at  the  focal 
point  of  industry.  The  results  of  all  the  activities  and 
operations  of  the  business  are  shown  in  terms  of  dollars 
and  cents  on  the  records  which  he  compiles  and  inter- 
prets. He  maintains  records  of  material  in  all  stages 
of  manufacture  so  that  the  money  invested  in  these 
inventories  may  be  kept  at  a  minimum,  at  the  same 
time  avoiding  the  dangers  of  insufficient  stocks.  He 
compiles  regular  reports  which  bring  the  vital  facts  of 
the  business  to  the  attention  of  other  executives.  These 
reports  point  the  way  to  more  efficient  management  by 
fixing  responsibility  and  furnishing  an  analytical  state- 
ment of  causes.  He  works  out  the  distribution  of 
expense  on  a  scientific  basis  so  that  unit  costs  may 
be  determined  accurately.  This  accurate  knowledge 
of  costs  is  essential  in  order  to  plan  and  carry  out  an 
effective  sales  policy. 

Production  control.  In  the  field  of  production  con- 
trol the  industrial  engineer  has  before  him  special 
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opportunities  to  advance  to  a  controlling  position  in 
his  organization.  Production  control  is  the  directing 
of  work  and  manufacturing  processes  in  a  factory.  The 
engineer  in  charge  of  production  plans  the  work  in  the 
shop.  He  gives  starting  dates  for  orders,  determines 
sequence  of  orders  and  operations,  decides  which  ma- 
chines and  equipment  are  to  be  used,  and  follows  the 
progress  of  the  work.  He  must  know  shop  methods, 
processes,  and  capacity,  as  well  as  the  fundamentals 
of  costs ;  he  must  understand  human  nature,  and  be 
able  to  cooperate  as  well  as  to  secure  cooperation. 

Time  study.  The  industrial  engineer  specializing  in 
time-study  work  is  engaged  in  engineering  research  of 
the  highest  order.  He  studies  the  equipment  and  shop 
conditions  which  affect  production.  On  the  basis  of 
this  study,  new  equipment  is  selected  or  designed,  and 
the  shop  methods  for  the  handling  of  materials,  the  dis- 
tribution of  working  space  around  machines,  and  the 
methods  of  holding  work  in  jigs  or  fixtures  are  changed 
so  that  maximum  production  may  be  attained.  In  the 
same  manner,  he  makes  a  study  of  the  methods  of 
doing  the  work  itself  —  operations  required,  sequence 
of  operations,  and  tooling  —  and  improves  these  meth- 
ods with  a  view  to  increased  efficiency  of  operation. 
Another  important  phase  of  the  time-study  work  is  the 
accurate  determination  of  the  time  in  which  a  given 
piece  of  work  should  be  done.  This  standard  time 
forms,  first,  a  basis  of  equitable  wage  payment,  which 
contributes  to  the  success  of  any  manufacturing  plant. 
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and,  secondly,  the  basis  on  which  the  time  required  to 
do  any  job  may  be  estimated  and  schedules  prepared. 

Personnel  and  inspection.  The  selection,  placement, 
development,  and  retention  of  employees  who  are  able 
to  do  work  of  the  right  quality  and  who  have  the 
right  attitude  toward  management  constitute,  without 
doubt,  one  of  the  greatest  problems  in  industry  today. 
The  solution  of  this  problem  is  in  the  hands  of  the 
various  divisions  of  the  personnel  department,  and 
the  industrial  engineer  who  enters  personnel  work  will 
find  a  new  and  very  interesting  field. 

The  field  of  quality  control  and  inspection  involves 
a  knowledge  of  manufacturing  processes,  a  thorough 
grasp  of  the  principles  of  interchangeable  manufac- 
ture, precise  measurements,  and  a  knowledge  of  the 
limitations  of  close  tolerance  for  economical  work. 

Factory  management.  To  the  industrial  engineer  of 
proper  qualifications  (which  are  necessarily  high)  the 
field  of  operation  and  factory  management  offers  ex- 
ceptional opportunities  and  extremely  interesting  and 
satisfying  work.  He  must  have  a  personality  which 
commands  respect  and  loyalty,  for  he  is  primarily  a 
handler  of  men.  He  must  organize  the  forces  under 
him  so  that  each  man  is  assigned  to  the  work  for  which 
he  is  best  fitted.  He  must  correlate  the  work  of  those 
under  him,  prevent  friction  and  ill-feeling  from  devel- 
oping either  between  his  men  themselves  or  between 
the  men  and  the  management  as  a  whole,  and  inspire 
those  under  him  with  a  feeling  of  loyalty. 
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While  it  is  not  possible  for  him  to  know  every  detail 
of  the  work  under  him,  he  must  have  such  a  broad 
knowledge  of  that  work  that  he  can  give  prompt  and 
correct  decisions  on  questions  referred  to  him  for  an 
answer.  Upon  him  rests  the  responsibility  for  the 
smooth  and  efficient  working  of  the  whole  industrial 
machine.  Men  entering  this  field  usually  come  up 
through  the  manufacturing  departments  although 
some  are  chosen  from  service  departments,  —  for 
example,  the  stores,  material-handling,  purchasing, 
and  plant-maintenance  departments. 

Design  and  methods.  Men  entering  the  field  of  man- 
ufacturing design  and  methods  have  to  handle  such 
problems  as  the  planning  of  complete  special  tool 
equipment  to  be  used  in  the  manufacturing  of  a  given 
product.  This  includes  the  design  of  drill  jigs,  milling 
fixtures,  gages,  inspection  fixtures,  screw-machine  tools ; 
also  cams,  punches,  and  dies  for  press  work  and  forg- 
ing, and  similar  equipment.  These  engineers  must  also 
continue  the  design  of  the  product  after  the  functional 
design  is  complete,  and  must  redesign  it  for  economical 
manufacture.  This  involves  the  application  of  toler- 
ance, clearance  fits,  and  limits ;  the  determination  of 
locating  points  and  registering  surfaces ;  and  the  re- 
design of  parts  to  facilitate  set-up. 

There  is  also  a  field  for  industrial  engineers  in  the 
financial  and  commercial  phases  of  industry,  such  as 
promotion,  industrial-financing  methods,  advertising, 
and  sales. 


CHAPTER  X 
CHEMICAL  ENGINEERING 

"Chemical  engineering  is  the  art  of  manufacturing 
useful  products  through  the  application  and  control 
of  chemical  processes,"  so  as  to  produce  a  uniform 
product  of  the  desired  quality  at  a  minimum  cost. 
The  successful  practice  of  chemical  engineering  de- 
pends on  the  proper  ''coordination  of  three  essentials : 
first,  knowledge  of  the  pertinent  sciences  and  the 
accumulated  empirical  data;  secondly,  skill  and  in- 
genuity in  applying  this  knowledge  to  chemical  enter- 
prises; and  thirdly,  judgment  in  balancing  values 
against  costs." 

As  chemical  engineering  is  one  of  the  younger 
branches  of  the  engineering  profession,  its  history  is 
rather  brief.  Just  as  the  wheel  and  the  lever  were 
used  long  before  the  scientific  principles  of  their 
operation  were  known,  so  did  the  quantity  produc- 
tion of  chemicals  antedate  any  study  of  the  principles 
upon  which  the  art  is  based.  The  men  who  entered 
this  field  were  ''industrial  chemists";  in  general 
they  knew  a  little  less  chemistry  than  a  chemist,  and 
less  engineering  than  a  mechanical  engineer.  The 
change  from  industrial  chemists  to  chemical  engineers 
occurred  when  it  was  seen  that  a  large  number  of 
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operations,  developed  supposedly  for  a  particular  in- 
dustry, were  duplicated  in  many  other  industries. 
The  quantitative  study  of  these  so-called  "unit 
operations"  —  heat  exchange,  filtration,  distillation, 
drying,  etc.  —  constitutes  chemical  engineering  as  it  is 
today.  The  result  has  been  the  development  of  men 
who  could  design  apparatus  rather  than  merely  build 
it,  thus  avoiding  much  large-scale  experimentation 
and  the  accompanying  expensive  changes  in  construc- 
tion necessary  to  get  efficient  operation. 

The  advantages  of  this  classification  of  chemical 
industry  over  that  previously  used  —  rubber,  soap, 
textiles,  petroleum,  etc.  —  are  manifold ;  but  one  of 
the  most  important  to  the  prospective  student  is  that 
specialization  on  one  or  more  unit  processes  does  not 
limit  him  to  any  one  branch  of  industry,  whereas 
specialization  on  any  one  material  confines  him  to 
that  group.  He  therefore  does  not  have  to  decide  on 
the  particular  field  he  wishes  to  enter  before  he  is 
properly  qualified  to  do  so. 

Students  who  intend  to  take  up  this  work  need 
thorough  training  in  the  three  fundamental  branches 
of  science:  chemistry,  physics,  and  mathematics. 
These  are  of  about  equal  importance.  It  usually  takes 
three  years  to  obtain  a  good  working  knowledge  of 
these  subjects.  During  this  period  the  fundamental 
phases  of  mechanical  and  electrical  engineering  should 
be  studied,  so  as  to  obtain  an  understanding  of  their 
relation  to  chemical  engineering. 
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The  student  is  then  ready  to  proceed  with  the  quan- 
titative study  of  the  unit  operations.  These  operations 
may  be  divided  into  two  classes:  (1)  primary,  con- 
sisting of  the  flow  of  heat  and  the  flow  of  fluids ;  and 
(2)  secondary,  consisting  of  distillation,  filtration, 
separation,  evaporation,  absorption,  and  others  of  a 
similar  nature,  for  which  a  knowledge  of  the  primary 
operations  is  essential.  It  is  very  advisable  to  carry 
the  training  further  by  means  of  graduate  study  and 
research,  and  some  schools  offer  the  opportunity  for 
research  in  the  plant. 

When  the  young  engineer  goes  out  on  his  first  job, 
he  may  be  assigned  either  to  the  laboratory  or  to  the 
plant.  He  may  choose  any  chemical  industry,  and  his 
training  fits  him  equally  well  for  all  of  them.  Many 
large  corporations  have  development  and  research 
departments,  in  which  all  classes  of  work,  from  labora- 
tory scale  to  factory  scale,  are  carried  out.  The  young 
engineer  takes  part  in  tests  on  equipment  already  in 
use,  and  works  on  the  design  of  new  equipment.  Fre- 
quently, if  he  has  handled  his  work  satisfactorily, 
he  follows  the  process  through  the  plant,  and  then 
either  becomes  factory  superintendent  or  else  returns 
to  the  laboratory  to  handle  a  new  problem,  depending 
on  the  character  of  the  work  for  which  he  is  best 
suited.  In  general,  his  main  function  is  to  fill  the  gap 
between  the  laboratory  chemist  and  the  plant  operator. 

After  he  has  obtained  sufficient  experience  in  the 
plant  to  become  acquainted  with  its  problems  and 
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methods,  he  finds  the  way  open  to  an  executive  posi- 
tion, such  as  that  of  plant  manager  or  technical 
director.  As  in  any  other  branch  of  engineering,  per- 
sonality, initiative,  and  the  ability  to  carry  work 
through  to  a  successful  conclusion  are  the  qualifica- 
tions which  bring  success  in  chemical  engineering. 

Health  and  Recreation 

1.  Have  you  good  health  ? 

2.  What  games  do  you  like? 

3.  What  books  do  you  like  best? 

Ambition 

1.  What  kind  of  work  do  you  believe  you  would  like  to  do  ? 

2.  Why? 

3.  Are  you  a  leader? 

4.  Are  you  good  at  teamwork? 

5.  Are  you  self-reliant  or  do  you  prefer  to  depend  on 
someone  else? 

6.  Check  the  occupation  which  you  would  like  to  follow : 

Surveyor  Mechanical  engineer 

Electrician  Draftsman 

Stationary  engineer  Auto  mechanic 

Architect  Building  and  constructing 

Civil  engineer  engineer 

Electrical  engineer  Industrial  engineer 

7.  What  is  your  idea  of  the  work  which  you  would  do  in 
the  field  which  you  checked  ? 

8.  Why  did  you  select  it? 


CHAPTER  XI 
MINING  AND  METALLURGICAL  ENGINEERING 

A  civilization  may  be  measured  by  the  quantity  of 
metals  and  mineral  products  produced  and  consumed. 
Thus  mining  is  mentioned  in  the  oldest  records  of 
mankind,  and  has  continued  and  expanded  with  the 
development  of  our  modern  industrial  civilization. 

The  romance  of  gold  and  silver  mines  led  the  Spanish 
explorers  into  South  America,  the  Americans  into  Cali- 
fornia, and  the  English  into  South  Africa  and  Australia. 
Of  greater  value  has  been  the  production  from  nature's 
storehouses  of  copper  in  Montana,  Michigan,  and 
South  America;  from  the  iron  mines  in  Minnesota, 
New  York,  and  Cuba ;  and  indeed  from  the  deposits 
of  the  many  other  metal  and  mineral  products,  rang- 
ing from  asbestos  to  zinc. 

The  working  of  these  mines  and  the  search  for  new 
ones  must  be  ever  on  an  increasing  scale  and  at  in- 
creasing depths.  Thus  mining  requires  not  only  a 
knowledge  of  nature's  laws  but  heavy  hoisting  machin- 
ery and  proper  ventilating  and  pumping  equipment. 

Woodrow  Wilson  said, ''  The  work  of  the  world  waits 
on  the  coal  miner;  if  he  slacks  or  fails,  armies  and 
statesmen  are  helpless."  He  recognized  coal  as  being 
the  source  of  power  that  runs  our  railroads,  drives  our 
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machinery,  melts  our  iron,  and  heats  our  homes.  Today 
the  United  States  produces  annually  five  hundred  and 
fifty  million  tons  of  soft  coal  and  one  hundred  million 
tons  of  hard  coal.  This  is  about  half  the  production 
of  the  entire  world.  If  this  were  all  put  in  coal  cars  on 
a  railroad,  the  train  would  reach  approximately  five 
times  around  the  earth  at  the  equator.  As  the  mines 
grow  larger  and  deeper,  engineers  are  increasingly 
needed  to  design  and  supervise  the  machinery  and 
the  workings  and  to  systematize  and  plan  production. 
Within  a  few  years  most  of  the  coal  will  be  produced 
by  machinery. 

The  production  of  petroleum  or  oil  is  also  in  the 
general  province  of  the  mining  engineer  or  petroleum 
technologist.  Out  of  this  crude  petroleum  we  get  gaso- 
Une,  fuel  and  lubricating  oil,  and  many  other  products. 
The  mining  geologist  who  studies  the  rocks  to  deter- 
mine where  the  oil  wells  should  be  located  is  succeeded 
by  the  petroleum  technologist  when  wells  are  drilled 
and  the  field  is  brought  under  production.  The  petro- 
leum business  has  expanded  greatly  within  the  past 
few  years,  and  more  and  more  trained  men  are  being 
employed  to  increase  the  production,  save  the  supply 
remaining  in  the  ground,  and  devise  new  and  better 
methods  of  recovery. 

After  the  geologist  and  the  mining  engineer  have 
discovered  and  produced  the  minerals,  the  metallurgist 
must  refine  them  into  a  condition  where  they  are  usable. 
Thus  iron  ore  must  be  melted  in  the  furnace  into  pig 
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iron  and  later  refined  into  various  kinds  of  steel.  In 
general  all  metallic  minerals  produced  go  through  sim- 
ilar refining  processes.  Within  the  last  few  years  the 
increased  use  of  alloys,  or  the  combination  of  two  or 
more  metals  to  form  a  new  metal,  has  greatly  increased 
the  field  of  work  of  the  metallurgist. 

Certain  minerals,  such  as  clay  or  limestone,  do  not 
yield  metals.  These  minerals  we  manufacture  directly 
into  brick,  tile,  pottery,  porcelain,  glass,  cement,  and 
other  necessities.  For  this  field  of  work  in  the  min- 
eral industries  the  clay-working,  or  ceramic,  engineer 
is  needed. 

Mining  engineering  includes  the  science  and  art  of 
locating  ores  and  other  mineral  products  and  extract- 
ing them  from  the  earth.  It  includes  the  geology, 
mineralogy,  and  chemistry  of  ores,  petroleum,  ceramic 
products,  and  coal  and  coke.  The  processes  of  prepar- 
ing the  product  for  and  transporting  it  to  the  market 
are  also  included. 

Metallurgy  is  the  science  and  art  of  extracting  (or 
smelting),  producing,  testing,  refining,  and  using  me- 
tallic products  and  alloys.  Heat  treatment  and  the 
selection  of  steels  and  alloys  for  special  purposes  are 
important  features  of  metallurgy.  Ceramics  concerns 
itself  with  the  occurrence  and  manufacture  of  cements, 
refractory  materials,  and  clay  products  in  general. 

Besides  the  usual  foundation  of  mathematics,  chem- 
istry, physics,  English,  and  drawing,  students  in  min- 
ing pursue  courses  in  geology,  mineralogy,  mechanics, 


MINING  ENGINEERING  133 

and  subjects  in  metallurgy  which  are  related  to  their 
mining  work.  Mine  structures,  equipment,  ventilat- 
ing, and  mining  methods  are  taught  in  the  last  year. 
At  this  time  it  is  usual  to  make  inspection  trips  to 
mines  and  to  do  field  work  in  geology. 

Mining  graduates  enter  the  operating  corps  of  vari- 
ous mining  companies  and  fit  themselves  for  operating 
or  executive  positions;  or  they  are  attached  to  the 
engineering  staffs  and  employed  on  design,  installation, 
or  maintenance  of  surface  and  underground  plants. 
Others  enter  the  sales  field  for  companies  making  or 
handling  mining  appliances.  The  United  States  Bu- 
reau of  Mines  and  other  investigative  agencies  offer 
opportunities  for  men  interested  in  research. 

The  prospective  metallurgical  engineer  pursues  ad- 
vanced courses  in  by-product  coking  processes,  iron 
and  steel  metallurgy,  the  qualities  of  special  alloys, 
heat  treatment,  temperature  control,  plant  equipment 
and  operation,  and  the  treatment  of  nonferrous  metals. 
Graduates  enter  the  various  plants  for  the  treatment 
of  ferrous  or  nonferrous  ores  and  metals  and  engage 
in  plant  operation  or  in  the  control  of  materials  and 
processes.  Some  design  metallurgical  plants;  others 
enter  sales,  teaching,  or  investigative  work. 


CHAPTER  XII 

OTHER  ENGINEERING  COURSES 

During  the  last  decade  a  number  of  optional  courses 
or  curricula  have  been  adopted  and  offered  by  various 
institutions  but  have  not  yet  been  generally  accepted. 
Some  of  them  will  probably  demonstrate  their  per- 
manent value. 

Administrative  engineering,  general  engineering, 
and  engineering  administration.  These  are  titles 
given  to  various  curricula  which  include  a  survey  of 
engineering  subjects,  studies  in  the  field  of  business  and 
finance,  and  general  subjects.  Their  purpose  is  to  pre- 
pare graduates  to  enter  business  and  industry  where 
engineering  principles  are  used  by  those  in  managerial 
or  executive  positions. 

Aeronautical  engineering.  This  includes  the  design, 
construction,  and  operation  of  airplanes,  hydroplanes, 
dirigibles  and  other  balloons,  and  their  equipment.  A 
few  colleges  give  instruction  in  this  field. 

Automotive  engineering.  The  term  ''automotive 
engineering"  is  applied  to  a  branch  of  mechanical 
engineering  which  has  grown  in  importance  and 
rapidity  so  that  it  is  recognized  as  a  definite  field. 
It  includes  the  design,  construction,  and  operation 
of  automobiles,  trucks,   busses,  and  tractors.    The 
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research,  advancement,  and  improvement  in  economy, 
durability,  and  reliability  of  highway  transportation 
have  been  due  largely  to  automotive  engineers. 

Bridge  engineering.  The  graduate  in  civil  or  struc- 
tural engineering  who  desires  to  become  a  bridge  en- 
gineer usually  enters  the  drafting  office  of  one  of  the 
large  steel-fabricating  companies  or  the  employ  of  a 
firm  specializing  in  bridge  engineering. 

Ceramic  engineering.  This  includes  the  study  of  the 
usual  fundamental  subjects  of  mathematics,  chemistry, 
and  physics,  together  with  geology,  mineralogy,  and 
the  study  of  all  forms  of  clay  and  shale  products.  It 
is  intended  to  prepare  young  men  to  enter  industries 
making  brick  of  all  kinds,  cement,  terracotta  tile,  and 
other  clay  products.  Refractory  materials,  or  those 
which  resist  high  temperatures  in  furnaces  of  all  kinds, 
receive  particular  attention. 

Electrochemical  engineering.  The  electrochemical 
engineer  deals  chiefly  with  the  application  of  electric- 
ity in  the  chemical  and  metallurgical  industries.  At 
present  the  most  important  phases  of  this  branch  of 
engineering  relate  to  the  refining  of  metals  by  elec- 
trolytic and  electric-furnace  processes,  electroplating, 
chemical  analysis  by  electrolysis,  the  electrolytic  pro- 
duction of  chemicals,  the  alloying  of  metals,  the  produc- 
tion of  such  materials  as  carborundum  and  aluminum 
in  electric  furnaces,  the  application  of  the  electric 
furnace  in  the  iron-and-steel  industry,  and  the  devel- 
opment and  manufacture  of  electric  batteries. 
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Certain  activities  of  the  electrochemical  engineer 
are  similar,  in  a  general  way,  to  those  of  the  electri- 
cal engineer.  He  deals  with  the  design,  development, 
manufacture,  and  sale  of  electric  batteries,  and  with 
the  equipment  necessary  in  the  application  of  elec- 
trolytic and  electric-furnace  processes  in  the  indus- 
tries ;  he  installs  this  equipment  and,  by  preliminary 
tests,  determines  the  conditions  under  which  it  will 
give  the  most  satisfactory  operation ;  he  supervises 
the  operation  of  the  apparatus,  and  conducts  tests 
necessary  to  insure  the  production  of  satisfactory 
products. 

Many  electrochemical  engineers  are  engaged  in  other 
than  the  chemical  and  metallurgical  industries,  in  in- 
dustrial research  carried  on  for  purposes  of  develop- 
ing new  or  improved  materials  which  may  aid  in  the 
solution  of  problems  peculiar  to  those  industries,  or  of 
developing  methods  whereby  electrochemical  processes 
may  be  substituted  for  less  desirable  processes.  Other 
electrochemical  engineers  are  engaged  in  [investigat- 
ing the  economic  aspects  of  the  utilization  of  existing 
sources  of  electric  power  in  electrochemical  processes, 
or  in  determining  the  electrochemical  applications 
which  might  be  made  possible  by  the  development  of 
new  sources  in  electric  power. 

Marine  engineering.  This  includes  the  design, 
construction,  and  operation  of  all  kinds  of  steam, 
electric,  and  oil  power  for  the  propulsion  of  ships  and 
their  necessary  auxiliary  equipment. 
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The  curriculum  includes  mathematics,  science, 
mechanics,  thermodynamics  (or  the  theory  of  heat), 
the  design  of  marine  machinery,  and  related  subjects 
in  electrical  engineering. 

Very  considerable  advances  have  taken  place  in 
marine  propulsion  in  recent  years  due  to  the  use  of 
oil-burning  equipment,  oil  engines,  and  steam-electric 
or  oil-electric  power  plants. 

Naval  architecture.  This  includes  the  design,  con- 
struction, and  equipment  of  ships  of  all  kinds.  The 
naval  architect  has  investigated  the  resistance  of  dif- 
ferent types  of  hulls  and  the  advantages  of  various 
models.  The  design  of  yachts,  freight  and  passenger 
vessels,  and  cruisers,  battleships,  submarines,  and 
other  types  of  warship  is  the  province  of  the  naval 
architect.  The  equipment  of  the  modern  ship  is  ex- 
ceedingly complex,  as  it  has  all  the  features  of  a  float- 
ing city.  The  limitations  of  space  require  ingenuity 
and  skill  in  providing  for  economy  of  operation,  speed, 
reliability,  and  safety. 

Railway  electrical  engineering.  This  branch  of  en- 
gineering involves  the  applications  of  electric  power 
to  transportation.  It  includes  the  equipment  and 
operation  of  electric  street  railways  and  interurban 
railways,  but  is  concerned  more  especially  with  the 
problems  of  electrification  of  steam  railroads,  tunnels, 
and  terminals.  It  includes  also  electric  switch  and 
signal  apparatus,  as  well  as  the  newer  safety  devices, 
such  as  remote  control. 
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Railway  mechanical  engineering.  This  includes 
the  design  of  railway  cars,  locomotives,  and  shops, 
and  the  supervision  of  operation  of  steam-railway 
motive  power  and  of  roundhouses  and  similar  equip- 
ment. The  manufacturers  of  locomotives  and  other 
railway  equipment  employ  men  trained  or  experienced 
in  the  field  of  motive  power. 


CHAPTER  XIII 

TEACHING  AND  RESEARCH 

Teaching.  The  best  teacher  is  one  who  leads  students 
to  develop  their  analytical  powers,  their  judgment, 
and  their  ability  to  obtain  and  to  apply  knowledge. 
There  is  always  an  opportunity  for  the  young  man 
who  can  inspire  students  to  want  to  know  both  by 
his  own  example  and  by  his  methods  of  instruction. 
The  teacher  should  have  a  deep  interest  in  his  subject, 
and  should  be  well  prepared  in  its  fundamentals  and 
in  those  methods  of  presenting  basic  principles  on 
which  good  teaching  is  founded. 

The  teacher  of  engineering  subjects  should  be  in- 
terested in  the  most  recent  developments  of  the  art 
and  the  science.  He  should  question  the  truth  of  a 
new  proposal  or  principle  and  should  have  an  interest 
in  the  investigation  and  testing  of  new  products, 
apparatus,  and  processes. 

The  quantity  of  information  which  a  young  teacher 
may  have  is  not  so  important  as  his  knowledge  of  how 
to  use  that  which  he  has.  The  graduate  of  an  engi- 
neering curriculum  who  expects  to  teach  should  have 
additional  courses  of  instruction  in  how  to  teach.  If 
he  has  the  analytical  type  of  mind,  and  if  he  is  in- 
terested in  students,  their  personal  problems  and  their 
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development,  he  has  some  of  the  quahfications  of  a 
good  teacher.  In  addition,  he  should  be  skillful  in 
speaking  and  writing  the  English  language,  and  he 
should  know  at  least  one  foreign  language,  in  order 
that  he  may  understand  important  contributions  in 
the  leading  foreign  journals. 

A  good  teacher  is  of  the  cultured  type,  which  means 
that  he  is  interested  in  some  other  fields  of  knowledge 
besides  the  one  in  which  he  has  majored.  The  highly 
specialized  teacher,  with  no  breadth  of  interests,  may 
impress  students  by  his  narrow  and  deep  knowledge, 
but  he  will  not  inspire  them  in  the  more  important 
subject  of  Hving. 

The  student  who  has  natural  ability  and  a  strong 
desire  to  teach  will  find  an  opportunity.  The  salary  is 
not  yet  as  large  as  that  which  men  of  equal  capacity 
will  earn  in  industry ;  but  the  graduate  in  engineering 
who  teaches,  and  who  then  embraces  opportunities  to 
improve  his  knowledge  of  the  art  by  a  few  years  of 
experience  and,  after  that,  by  summer  work,  will  find 
a  fair  return,  in  proportion  to  his  ability,  energy,  and 
personality. 

The  engineering  teacher  of  experience  and  excep- 
tional ability  will  find  special  opportunities  for  public 
service  and  for  advising  corporations.  The  teacher 
has  time  for  study,  for  travel  in  order  to  observe 
engineering  progress,  and  for  practice. 

Research.  The  research  type  of  engineer  is  in- 
terested in  investigation  and  invention.    He  may  be 
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concerned  principally  with  finding  new  laws  which 
control  natural  phenomena  and  not  be  interested  in 
the  practical  applications  of  what  has  been  discovered. 

He  may  be  interested  in  finding  causes  in  order  that 
apparatus  may  be  perfected,  and  he  may  perfect  it. 
He  may  be  of  the  development  or  application  type, 
seeking  for  a  way  to  apply  a  theory  discovered  by 
someone  else,  and  perhaps  making  a  practical  appli- 
cation through  the  invention  of  new  apparatus.  He 
may  be  ingenious  in  making  the  form  attractive  and 
may  change  the  form  in  order  to  economize  in  cost 
of  manufacture. 

These  various  types,  from  the  pure-research  to  the 
application  type,  are  necessary  to  industry  and  to  the 
numerous  public  and  private  laboratories  devoted  to 
investigation,  invention,  and  development. 

Several  large  corporations  have  staffs  of  research 
physicists,  chemists,  and  engineers,  and  expend  on 
development  large  sums  of  money  (in  one  instance 
reaching  five  million  dollars  per  year). 

The  following  extract  is  from  an  article  entitled 
"Engineering  Research  as  a  Career,"  which  Dean 
A.  A.  Potter  of  Purdue  University  prepared  for  the 
National  Research  Council : 

Opportunities  for  research  engineers.  The  research  en- 
gineer has  an  opportunity  to  aid  in  laying  the  founda- 
tion for  future  industrial  and  engineering  progress.  He 
may  succeed  in  adding  to  human  comfort  and  in  mak- 
ing history.  A  research  career  offers  an  opportunity  for 
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doing  constructive  and  enduring  work  which  is  of  vital 
importance  to  society. 

The  true  research  man  is  constantly  growing,  and 
has  the  intellectual  gratification  and  inspiration  which 
comes  only  to  those  who  create,  who  achieve,  and  who 
add  to  knowledge.  His  mentality  is  stimulated  by  con- 
stant association  with  the  best  products  of  human 
thought. 

The  field  of  engineering  research  is  very  broad  and  no 
opportunities  are  lacking  for  those  who  have  the  proper 
qualifications  and  training  for  a  research  career.  Directors 
of  research  in  industry,  in  Government  laboratories,  and 
in  universities  claim  that  the  United  States  of  America 
has  too  few  men  who  have  the  training,  the  ability,  or 
the  desire  to  carry  on  investigations  and  to  make  new  dis- 
coveries through  research. 

The  research  engineer  can  utilize  his  talents  in  various 
ways: 

Skilled  investigators  are  needed  to  man  the  laboratories 
of  industry.  The  most  prominent  manufacturing  indus- 
tries of  this  country  are  maintaining  research  laboratories 
of  great  expense.  The  large  electric  utilities  are  maintain- 
ing research  departments  to  lower  the  cost  of  generating 
power.  The  railroads  of  the  country  are  also  interested  in 
research  and  in  some  cases  have  developed  test  depart- 
ments which  carry  on  considerable  research. 

Several  of  the  United  States  Government  departments 
and  bureaus  are  constantly  carrying  on  engineering  inves- 
tigations. The  most  prominent  of  these  are  the  Bureau  of 
Standards  at  Washington  and  Pittsburgh,  the  Bureau 
of  Mines  at  Pittsburgh,  the  Bureau  of  Public  Roads 
at  Washington  and  other  places,  the  Forest  Products 
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Laboratory  at  Madison,  Wisconsin,  the  Watertown  Ar- 
senal, and  the  United  States  Naval  Experiment  Station. 

In  several  states  engineering  investigations  are  being 
carried  on  by  certain  bureaus  and  departments  of  the 
state  government. 

There  are  also  many  private  engineering  laboratories 
which  are  devoted  to  investigations  of  materials  and 
processes  for  commercial  purposes.  Several  institutions 
are  carrying  on  cooperative  research  with  industry.  The 
Mellon  Institute  of  Pittsburgh  and  the  laboratories  of  the 
Factory  Mutual  Fire  Insurance  Company  are  examples  of 
such  research  activities. 

While  the  research  laboratories  of  the  industries,  the 
Government,  and  the  private  research  institutions  offer 
much  opportimity  for  engineering  research,  the  universi- 
ties and  colleges  are  the  most  important  agencies  for 
creating  new  engineering  knowledge  as  they  are  the  fos- 
tering places  for  pure  scientific  research.  The  accumula- 
tion of  knowledge  for  the  benefit  of  humanity  has  always 
been  recognized  as  one  of  the  most  important  functions 
of  a  university.  As  compared  with  the  industrial  or  pri- 
vate laboratory  the  research  laboratory  of  an  educational 
institution  has  greater  freedom  from  interruptions,  an 
atmosphere  which  is  scholarly  and  sympathetic  to  re- 
search, and  no  necessity  to  safeguard  results  by  secrecy. 
To  advance  engineering  research  more  than  twenty  en- 
gineering colleges  have  established  engineering  experiment 
stations  where  men  are  employed  on  whole  or  part  time  to 
carry  on  investigations. 

Qualifications  for  the  career  of  research  engineer.  Great 
research  men  possess  a  spirit  of  adventure,  imagination, 
ingenuity,  clear  vision,  persistence,  absolute  integrity  of 


144  THE  ENGINEER 

purpose,  good  training,  and  a  spirit  of  unselfish  service 
for  the  benefit  of  humanity.  A  person  to  be  most  success- 
ful as  a  research  engineer  must  be  interested  in  creating 
new  things,  in  discovering  new  laws,  in  perfecting  new 
processes,  in  solving  new  problems,  and  in  extending  the 
boundaries  of  human  knowledge.  Cooperative  ability  is 
very  valuable  for  a  research  man.  No  person  should  take 
up  research  as  a  career  if  his  aim  in  life  is  to  make  money. 
Good  research  men  are  well  paid,  but  they  find  their  great- 
est reward  in  their  love  of  the  work.  Their  inspiration 
comes  not  from  monetary  returns  but  from  a  desire  for 
achievement. 

Research  calls  for  men  of  superior  mentality  who  are 
highly  trained.  A  person  who  is  not  studious  should  not 
undertake  research  as  a  life  work. 

Preparation  for  a  research  career  in  engineering.  En- 
gineering research  is  based  upon  physics,  chemistry,  and 
mathematics.  The  more  thorough  the  preparation  in  these 
subjects  the  greater  are  the  chances  for  success.  The 
greatest  contributions  to  engineering  progress  can  best  be 
made  by  a  person  who  has  not  only  engineering  knowledge, 
but  also  a  broad  and  thorough  training  in  the  sciences 
which  are  basic  to  engineering.  The  power  of  clear  English 
expression  of  the  mathematical,  physical,  chemical,  and 
engineering  relations  is  an  important  part  of  the  equip- 
ment for  the  research  engineer. 

To  best  prepare  for  a  research  career  in  engineering,  the 
undergraduate  student  should  give  special  attention  to 
courses  in  mathematics,  physics,  chemistry,  mechanics, 
and  other  theoretical  subjects.  If  possible  he  should  pur- 
sue advanced  courses  in  mathematics  during  his  junior 
and  senior  years.    The  completion  of  the  undergraduate 
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course  should  be  followed  by  several  years  of  graduate 
study.  It  is  often  advantageous  for  a  person  to  devote  a 
year  or  two  in  practice  before  taking  up  prolonged  grad- 
uate study.  In  most  cases,  however,  one  will  do  best  to 
take  one  year  of  graduate  work  immediately  after  grad- 
uation. This  is  particularly  advisable  in  the  case  of  those 
who  have  had  contact  with  industry  before  graduation 
from  college.  A  person  interested  in  research  will  make  a 
mistake  if  he  remains  too  long  in  industry  before  under- 
taking graduate  work. 

Practically  every  engineering  college  of  standing  offers 
courses  leading  to  the  Master  of  Science  degree  in  engi- 
neering, and  several  institutions  are  offering  graduate 
courses  leading  to  higher  degrees,  such  as  Doctor  of  En- 
gineering, Doctor  of  Philosophy,  or  Doctor  of  Science. 
The  number  of  such  institutions  is  certain  to  increase,  as 
the  value  of  graduate  study  is  becoming  more  appreciated 
by  engineering  students. 

A  person  interested  in  making  research  engineering  his 
career  will  have  no  difficulty  in  securing  means  which 
will  enable  him  to  prepare  himself  properly  by  graduate 
study.  Educational  institutions  are  constantly  looking  for 
outstanding  men  to  be  appointed  to  research  or  teaching 
fellowships,  or  to  ass'stantships.  The  engineering  experi- 
ment stations  offei*  particularly  good  opportunities  for 
those  who  are  interested  in  research.  Appointment  to  a 
part-time  teaching  or  research  position  gives  one  the 
opportunity  to  pursue  graduate  work  at  little  expense. 

Engineering  research  as  a  career  should  prove  most  at- 
tractive to  any  man  who  has  the  personal  qualifications  and 
the  courage  to  prepare  himself  thoroughly  for  his  life  work. 


CHAPTER  XIV 

THE  -S:STHETIC,  CULTURAL,  AND  ROMANTIC 
IN  ENGINEERING 

Engineering  is  considered  to  be  preeminently  prac- 
tical, and  very  few  of  those  who  profit  by  the  works 
of  the  engineer  think  of  the  aesthetic,  cultural, 
and  romantic  phases  which  are  interwoven  with  the 
practical. 

Architecture  is  one  of  the  fine  arts,  and  therefore 
the  aesthetic,  or  artistic,  is  a  primary  factor.  The 
beauty  of  public  and  private  buildings  is  the  product 
of  the  architect's  mind.  Cathedrals,  and  national, 
state,  and  city  buildings  and  monuments,  embody  his 
tastes.  The  tall  office  building  has  led  to  the  creation 
of  a  new  architectural  note  of  a  distinctly  American 
character.  The  aesthetic  dominates  the  creations  of 
the  architect. 

The  architectural  and  the  civil  engineer  consider  also 
artistic  style  in  their  designs.  Many  of  the  early  timber 
and  iron  bridges  were  more  utilitarian  than  artistic ; 
but  as  the  country  grew  in  wealth  more  aesthetic 
character  was  given  them,  and  today  both  materials 
and  design  are  chosen  with  a  view  to  producing  a 
pleasing  effect  on  the  eye.  Europe  has  many  fine 
examples  of  bridges  which  are  monuments  of  aesthetic 
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design.  Such  are  the  bridges  over  the  Rhine,  the 
Seine,  the  Rhone,  and  other  rivers.  In  the  United 
States  the  gracefulness  of  the  Hell  Gate  arch  bridge, 
the  High  Bridge  over  the  Harlem,  and  the  Niagara 
and  St.  Louis  arch  bridges  appeals  to  all  observers. 
The  suspension  bridges  at  Cincinnati,  New  York, 
Philadelphia,  and  Niagara  are  monumental  in  size, 
but  serviceability  and  beauty  are  interwoven.  Many 
large  and  small  concrete  arch  bridges  give  the  effect 
of  combined  grace  and  strength. 

Similarly,  a  pleasing  effect  is  sought  today  in  de- 
signing power  houses,  hydroelectric  plants,  dams, 
reservoirs,  and  other  structures.  Under  the  combined 
influence  of  the  architect  and  the  engineer,  factory 
buildings  have  also  changed.  The  tendency  is  toward 
structures  which  are  durable,  fireproof,  and  well 
lighted  and  which  make  a  distinct  appeal  in  line 
and  color.  Many  of  the  larger  corporations  have  not 
only  built  superior  structures,  but  have  laid  out  parks 
and  model  cities,  with  their  various  utilities  housed 
in  buildings  of  pleasing  design  and  homogeneous  in 
type. 

Machines,  engines,  and  other  apparatus  are  given 
a  finish  and  even  a  profile  which  are  more  attractive 
while  at  the  same  time  serving  their  purpose  just  as 
well.  The  automobile  is  a  good  example  of  this :  its 
evolution  has  been  from  the  buggy  with  an  engine  in 
it  to  a  distinctive  artistic  vehicle  in  which  harmony 
of  color,  lines,  and  proportions  is  emphasized. 
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The  selling  value  of  good  appearance  is  appreciated 
in  small  motors,  large  steam  engines,  water  tanks  and 
towers,  bridges  and  buildings.  As  the  aesthetic  is 
being  emphasized  more  and  more,  the  engineer  with 
an  appreciation  of  the  beautiful  is  a  greater  asset  to 
his  community,  and  the  value  of  his  services  is  being 
increasingly  recognized. 

"Culture"  may  be  defined  as  the  training,  disci- 
plining, or  refining  of  the  moral  and  the  intellectual 
nature  —  refinement  in  manner  and  taste.  In  the 
Middle  Ages  Greek  and  Roman  literature  was  the 
finest  source  of  philosophy,  logic,  religion,  and  his- 
tory. Education  was  limited  to  those  preparing  for 
the  priesthood  and  the  law.  Slowly  medicine  and 
alchemy  grew,  and  chemistry  unfolded  its  wealth  of 
knowledge.  A  body  of  facts  and  principles  called 
science  was  developed,  but  the  old  tradition  persisted 
that  culture  was  the  product  of  Greek  and  Roman 
literature,  philosophy,  and  history.  There  are  many 
who  still  believe  that  culture  is  buried  with  the  dead 
languages. 

The  humanities  included  the  fundamentals  of  men- 
tal and  moral  refinement  and  discipline.  New  hu- 
manities have  been  born,  and  psychology  cannot  be 
denied  its  place  therein.  Biology  is  one  of  the  humani- 
ties. Both  subjects  are  useful,  but  they  are  none  the 
less  cultural  because  useful.  There  is  no  finer  mental 
discipline  than  that  offered  by  modern  mathematics. 
Geology  and  astronomy  give  glimpses  into  the  history 
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of  the  earth  going  back  millions  of  years.  Astronomy 
points  out  how  law  controls  through  a  space  as  nearly 
infinite  in  its  dimensions  as  anything  which  we  can 
conceive. 

The  fact  that  these  subjects,  along  with  physics 
and  chemistry,  form  the  foundation  of  modern  in- 
dustrial development  makes  them  no  less  cultural 
because  they  are  useful  and  practical.  The  bed-rock 
of  engineering  education  is  cultural.  Mathematics 
is  an  exact  science  in  which  logic  is  the  dominant 
factor  and  honesty  is  insistent.  Physics  teaches  the 
laws  of  gravitation,  force,  heat,  light,  sound,  and 
electricity.  These  subjects  form  a  considerable  part 
of  our  literature.  Finding  the  depth  of  the  ocean  by 
sound  waves,  the  recent  measurements  of  the  velocity 
of  light,  the  use  of  light  in  treating  disease  and  plant 
growth,  the  heat  of  the  sun,  sun  spots,  and  radio 
reception  are  common  topics. 

In  this  dynamic  age  a  course  in  electricity  becomes 
almost  a  necessity ;  without  it  one  is  hopelessly  igno- 
rant of  the  most  marvelous  developments  of  human 
knowledge  of  the  last  decade.  Thus,  sound  is  trans- 
formed into  Hertzian  waves,  and  these  waves,  in  turn, 
produce  sound.  These  principles,  embodied  in  electric 
apparatus  of  extreme  delicacy,  permit  men  to  talk 
across  the  Atlantic  Ocean.  By  radio  the  position  of 
fog-bound  ships  is  communicated  to  them  from  shore. 
The  SOS  call  for  help  has  saved  thousands  of  lives 
endangered  by  marine  accidents.    With  the  aid  of 
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electric  waves  measurements  of  objects  can  be  made  to 
the  hundred  millionth  of  an  inch.  These  are  imposing 
extensions  of  our  understanding  of  natural  phenomena. 

Culture  depends  less  on  the  subject  than  on  the 
attitude  of  mind  of  the  student  and  of  the  teacher. 
If  the  applications  of  physics,  mechanics,  heat,  and 
electricity  are  the  only  goal,  then  no  subject  is  as 
broadly  cultural  as  it  will  be  if  the  social  and  economic 
aspects  of  the  subject  are  also  emphasized.  Railway, 
water,  and  highway  transportation  has  changed  and 
is  still  changing  our  social  and  political  conditions. 
Water  power  and  steam  power  have  lightened  the 
manual  labor  of  millions,  and  will  multiply  their 
contribution  to  human  welfare  in  the  next  decade 
or  two. 

These  are  aspects  of  engineering  which  are  too  often 
overlooked  by  the  young  man  who  is  selecting  his  life 
work.  Engineering  must  be  regarded  as  inspirational, 
reverent,  and  appealing  by  those  who  desire  to  add 
something  to  the  sum  of  human  comfort  and  progress. 

Furthermore,  the  engineer  needs  to  know  something 
of  the  arts  and  sciences  which  he  does  not  employ  in 
his  daily  work.  If  he  knows  only  engineering,  he  is  not 
cultured  in  a  large  sense.  While  he  may  not  hope  to 
know  much  of  our  infinitely  complex  civilization,  he 
should  cultivate  some  one  field,  such  as  flowers,  music, 
art,  literature,  or  history,  as  a  recreation,  —  a  variant 
from  the  consuming  habit  of  thinking  continuously 
about  one  subject. 
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The  student  whose  time  is  well  organized  can  carry 
an  engineering  course  —  generally  agreed  to  be  one  of 
the  severest  —  and  still  have  time  for  a  diversion 
which  is  at  once  cultural,  broadening,  and  recreative. 
To  postpone  it  until  after  student  days  are  over  is 
to  postpone  it  to  the  hereafter  in  most  instances ;  for 
the  engineer  who  succeeds  must  remain  a  student, 
and  his  days  will  be  full. 

Romance  is  defined  in  Webster's  International  Dic- 
tionary as  **any  fictitious  and  wonderful  tale;  now, 
especially,  a  sort  of  novel,  whose  interest  lies  not  so 
much  in  the  depiction  or  analysis  of  real  life  or  char- 
acter as  in  adventure,  surprising  incident,  or  the  like." 
Just  as  truth  is  stranger  than  fiction,  so  the  experiences 
of  engineers,  although  rarely  seen  in  print,  frequently 
offer  excellent  material  for  tales  of  high  adventure. 

F.  Hopkinson  Smith,  the  author  of  **  Caleb  West, 
Master  Diver"  (which  is  in  its  essentials  the  story  of 
the  construction  of  Race  Rock  Lighthouse),  was  a 
courageous  engineer  and  a  pioneer  builder  of  light- 
houses on  our  shores,  as  well  as  an  artist  of  unusual 
talent  and  a  man  of  vigorous  personality  and  the 
highest  character.  He  rose  from  the  shop  to  a  clerk- 
ship, but  resigned  because  his  employer  was  unjust  to 
a  contractor.  He  then  became  a  contractor  himself  and 
built  a  railroad  on  Long  Island,  the  sea  wall  around 
Governor's  Island,  and  the  foundation  and  pedestal 
for  Bartholdi's  "Statue  of  Liberty."  He  next  under- 
took to  build  Race  Rock  Light.   In  an  article  written 
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just  after  the  death  of  Mr.  Smith,  Thomas  Nelson 
Page  says : 

It  is  twenty-odd  years  since  I  heard  from  him  the  story 
of  that  early  venture,  but  it  is  still  fresh  with  me.  And 
it  stands  today  in  my  memory  as  a  triumph  of  courage, 
resourcefulness,  and  common  sense  over  discouragement 
and  disaster  in  many  forms.  Frank  Smith  always  gave 
the  credit  for  his  final  success  to  his  Yankee  skipper. 
Captain  Tom  Scott  —  whom  he  has  celebrated  in  ''  Cap- 
tain Joe,"  and  in  "Caleb  West,  Master  Diver."  No  better 
description  of  the  Yankee  skipper,  tough,  sturdy,  tender- 
eyed,  and  fearless,  exists  in  literature  than  Hopkinson 
Smith  has  given  in  this  portrait  of  Captain  Tom  Scott.  ^ 

Mr.  Page  then  goes  on  with  the  following  story  of  the 
building  of  this  lighthouse  off  New  London  Harbor, 
miles  from  shore,  in  Long  Island  Sound. 

First,  the  foundation  of  huge  stone  blocks  which  he  put 
in  would  not  hold  on  the  slanting  rock,  and  they  had  to 
be  taken  out.  And  here  his  versatility  and  genius  came 
into  play.  I  recall  his  description  of  the  way  he  fell  on 
the  expedient  of  Portland  cement,  and  how  he  went  and 
on  an  open  common  chose  a  bit  as  nearly  like  the  sub- 
merged rock  as  possible  and  experimented  until  he  was 
satisfied.  He  then  went  back  to  the  rock  and  laid  down  his 
cement,  and  when  this  was  done  he  had  a  level  and  sub- 
stantial base  for  his  stone  superstructure.  He  had  hardly 
got  over  this  difficulty  when  his  stone  barge,  the  Dolly 
Varden,  blew  up  —  and  with  it  went  all  he  had  in  the  world 

1  From  "Frank  Hopkinson  Smith,"  by  Thomas  Nelson  Page,  in  Scribner's 
Magazine,  September,  1915.  Used  by  permission  of  Charles  Scribner's  Sons, 
publishers. 
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and,  for  the  moment,  all  his  hopes.  Summoned  by  a  tele- 
gram he  went  to  New  London.  Captain  Scott  was  at  the 
wheel  when  the  Dolly  Varden  blew  up,  and,  as  he  rightly 
said,  when  he  saw  ''the  deck  a  liftin'  he  cal'lated  it  was  no 
place  for  him,"  and  dived  overboard.  He  met  Smith  at 
the  train  and  asked  him  quietly:  "We-all,  Mr.  Smith, 
what  are  we  goin'  to  do  now?"  Hopkinson  Smith  used  to 
say  it  was  the  look  in  Captain  Scott's  eyes  when  he  met 
him  that  day  that  decided  his  career.  He  saw  in  the  old 
skipper's  eye  the  look  that  has  made  the  American  people 
and  recognized  that  he  was  simply  waiting  for  him  to  give 
the  word.  So  he  said :  ''We  are  going  to  build  the  Race 
Rock  Lighthouse,  Captain." 

"All  right,  Sir,"  said  the  captain,  and  the  rest  was  mere 
detail.  When  it  was  finished  Race  Rock  was  ready  to 
stand  the  fury  of  every  storm,  and  its  contractor  was 
equally  prepared  to  meet  the  buffets  of  the  heaviest  seas. 

Robert  Louis  Stevenson  tells  of  the  many  daring 
feats,  narrow  escapes,  and  thrilling  adventures  of  his 
grandfather  and  father  in  building  beacons  and  light- 
houses on  the  shores  of  Great  Britain  at  a  time  when 
pirates,  wreckers,  and  smugglers  viewed  their  works 
with  disfavor.  Stevenson  gives  a  picture  of  the  engi- 
neer of  a  hundred  years  ago  in  a  few  words  which  are 
worth  repeating : 

The  rains,  the  winds  and  the  waves,  the  complexity 
and  the  fitfulness  of  nature,  are  always  before  him.  He 
has  to  deal  with  the  unpredictable,  with  those  forces  (in 
Smeaton's  phrase)  that  "are  subject  to  no  calculation"; 
and  still  he  must  predict,  still  calculate,  at  his  peril.   His 
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work  is  not  yet  in  being,  and  he  must  foresee  its  influence ; 
how  it  shall  deflect  the  tide,  exaggerate  the  waves,  dam 
back  the  rain-water,  or  attract  the  thunder-bolt.  He 
visits  a  piece  of  sea-board ;  and  from  the  inclination  and 
soil  of  the  beach,  from  the  weeds  and  shell-fish,  from  the 
configuration  of  the  coast  and  the  depth  of  soundings  out- 
side, he  must  induce  what  magnitude  of  waves  is  to  be 
looked  for.  He  visits  a  river,  its  summer  water  babbling 
on  shallows;  and  he  must  not  only  read,  in  a  thousand 
indications,  the  measure  of  winter  freshets,  but  he  must 
be  able  to  predict  the  violence  of  occasional  great  floods. 
Nay,  more ;  he  must  not  only  consider  that  which  is,  but 
that  which  may  be.^ 

Sir  Benjamin  Baker  was  the  first  engineer  to  build 
a  large  cantilever  bridge.  When  he  proposed  to  con- 
struct the  Forth  Bridge,  Scotland,  on  this  principle  and 
to  give  it  a  span  of  1710  feet,  the  board  of  directors 
objected  that  there  was  no  precedent  and  that  it  was 
impossible.  Baker  then  constructed  a  miniature  bridge 
of  the  same  proportions  and  demonstrated  to  the  board 
how  it  carried  the  load.  The  evidence  of  their  eyes  was 
more  convincing  than  columns  of  figures ;  as  a  result, 
Baker  was  permitted  to  design  a  bridge  which  for  the 
next  thirty  years  had  the  longest  span  of  any  bridge  in 
the  world.  From  this  we  see  that  the  engineer  must  fre- 
quently resort  to  perspective  drawings  or  water  colors 
to  give  business  men  a  clearer  idea  of  what  is  proposed. 

1  From  "Records  of  a  Family  of  Engineers,"  in  "Letters  and  Miscellanies 
of  Robert  Louis  Stevenson."  Used  by  permission  of  Charles  Scribner's  Sons, 
publishers. 
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The  history  of  the  early  highway,  canal,  and  railroad 
builders  is  the  story  of  pioneer  adventure.  Danger 
from  hostile  Indians,  from  floods,  and  from  blizzards 
required  a  physical  hardiness  seconded  by  courage, 
resourcefulness  in  emergency,  ability  as  a  leader  and 
organizer,  and  a  love  of  life. 

There  is  romance  and  high  adventure  in  the  life  of 
the  engineers  who  enable  us  to  pierce  the  darkness  with 
electric  lights,  to  explore  the  human  body  with  X  rays, 
to  navigate  on  or  beneath  the  surface  of  the  oceans 
with  the  gyroscopic  compass,  to  travel  in  the  air,  as 
well  as  by  land  and  water,  at  tremendous  speed,  and 
to  communicate  across  the  seas  by  cable  and  by  wire- 
less ;  and  who  by  their  skill  protect  the  life,  health,  and 
safety  of  millions  who  dwell  in  great  cities,  —  cities 
themselves  made  possible  by  the  work  of  engineers. 


APPENDIX 

Leonardo  da  Vinci  (1452-1519) 

As  we  read  Giorgio  Vasari's  life  of  Leonardo  da  Vinci 
we  are  impressed  with  the  versatiHty  of  Da  Vinci's  talent. 
As  the  biographer  tells  us,  he  was  the  "most  universal 
genius  of  the  Renaissance."  Painting,  sculpture,  music, 
philosophy,  botany,  geology,  all  in  turn  received  his  atten- 
tion ;  no  less  did  mathematics,  architecture,  and  engineer- 
ing. Thus  he  is  recognized  not  only  as  one  of  the  greatest 
artists  of  all  time,  but  as  the  link  between  the  ancient 
Greek  mathematicians  and  the  scientists  and  engineers 
of  today. 

The  first  thirty  years  of  Da  Vinci's  life  were  spent  in 
Florence,  Italy.  As  his  talent  for  designing  and  painting 
showed  itself  very  early,  his  father  sent  the  boy  to  study 
with  Verrocchio,  the  foremost  Florentine  artist  of  the  day. 
There  he  very  soon  showed  the  genius  that  later  gave  to 
the  world  such  masterpieces  as  "The  Last  Supper"  and 
"MonaLisa." 

Perhaps  it  is  to  what  in  a  lesser  man  might  have  been 
regarded  as  a  weakness  that  we  owe  our  opportunity  to 
classify  Da  Vinci  as  an  engineer.  He  had  a  great  and 
never-satisfied  curiosity.  This  caused  him  many  times  to 
abandon  work  before  its  completion.  Fortunately,  how- 
ever, it  caused  him  also  to  turn  to  all  new  enterprises. 
Thus  we  find  him  seeking  the  society  of  men  of  science 
and   making   his   own   experiments  and   investigations. 
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Often  he  made  designs  for  buildings  merely  to  satisfy  his 
desire  to  work  out  the  architectural  problem.  An  example 
of  this,  probably,  is  the  model  for  a  cupola  for  Milan 
Cathedral.  He  submitted  his  designs  to  the  building  com- 
missioners in  1487,  but  took  them  back  with  a  promise  to 
make  others.  This  apparently  was  never  done,  and  the 
cupola  was  finally  designed  by  other  artists.  Meanwhile 
Da  Vinci,  who  was  now  living  in  Milan  under  the  patron- 
age of  its  duke,  continued  his  designs  for  buildings  pre- 
senting every  possible  difficulty  of  construction.  He  drew 
plans,  also,  for  mills,  guns,  and  war  machinery. 

Of  greater  practical  value,  however,  were  his  canal  con- 
structions. By  means  of  a  series  of  canals  the  river  Adda 
was  made  navigable  up  to  Lake  Como.  On  the  estates  of 
the  duke  of  Milan  he  constructed  an  irrigation  canal  in 
which,  by  means  of  "one  hundred  and  thirty  steps  a  quar- 
ter of  a  yard  high  and  half  a  yard  broad,"  he  diverted  a 
violent  river  and  transformed  a  useless  swamp  into  fertile 
meadows. 

The  great  plague  which  swept  over  Milan  in  1485  and 
1486  caused  Da  Vinci  to  plan  a  new  city  on  much  more 
hygienic  lines.  In  fact,  in  his  ambitious  plans  he  proposed 
that  the  duke  of  Milan  should  build  ten  new  cities  in 
which  light,  air,  and  cleanliness  should  prevail.  The  cities 
were  to  be  located  on  rivers  regulated  by  locks,  and  wide 
streets  and  spacious  squares  were  to  be  provided.  One 
suggestion  is  especially  modern :  his  design  calls  for  streets 
on  two  different  levels,  the  upper  for  foot  travel,  the  lower 
for  vehicles.  Underneath  all  the  streets  were  canals  to  be 
traversed  by  gondolas.  Here,  indeed,  we  feel  that  Da 
Vinci  almost  joins  hands  with  the  engineers  who  are 
studying  the  traffic  problems  of  the  present  day. 
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In  spite  of  the  modem  suggestion  just  given,  however, 
we  must  not  forget  that  Da  Vinci  lived  at  a  time  when 
war  was  still  the  pastime  of  dukes.  And  so  in  a  lengthy 
letter  to  his  patron  we  find  him  emphasizing  his  skill  as  a 
military  engineer.  "I  have,"  he  says,  "a  method  of  con- 
structing very  light  and  portable  bridges,  to  be  used  in 
the  pursuit  of,  or  the  retreat  from,  the  enemy, . . .  proof 
against  fire  or  force,  and  easy  to  fix  or  remove. ...  I  have 
means  whereby  any  fortress  may  be  destroyed,  provided 
it  be  not  founded  on  stone. ...  I  have  also  most  conven- 
ient bombs,  proper  for  throwing  showers  of  small  mis- 
siles, and  with  the  smoke  thereof  causing  great  terror  to 
the  enemy."  And  so  he  continues  to  enumerate  in  great 
detail  every  kind  of  device  for  waging  war  on  land  or  sea. 
Perhaps  fearful  that  he  may  appear  too  boastful  of  his 
power,  he  closes  with  the  offer :  "And  if  any  of  the  above- 
named  things  shall  seem  to  any  man  to  be  impossible 
and  impracticable,  I  am  perfectly  ready  to  make  trial  of 
them  in  whatever  place  you  shall  be  pleased  to  command." 

We  thus  see  in  the  life  of  this  man  who  died  four  cen- 
turies ago  the  unusually  even  balancing  of  those  qualities 
which  every  successful  engineer  should  have :  love  of 
beauty,  imaginative  power,  and  trained  mechanical  skill. 

James  Watt  (1736-1819) 

Occasionally  it  happens  that  an  anecdote  is  so  often 
told  concerning  a  man  that  the  mere  mention  of  his  name 
recalls  the  anecdote.  Thus,  we  have  been  told  the  story 
of  James  Watt  and  his  mother's  teakettle  and  have  been 
assured  that  it  was  the  lifting  and  lowering  of  the  lid,  as 
the  water  boiled,  that  led  Watt  to  his  conclusions  regard- 
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ing  the  power  of  steam.  Whether  the  story  is  true  or  not, 
Watt's  name  has  been  so  associated  with  steam  power  that 
many  other  achievements  of  his  have  been  overlooked. 
He  could  make  an  organ  as  well  as  a  steam  engine;  he 
was  the  inventor  of  a  device  for  recording  the  weather 
changes ;  he  set  up  a  very  successful  copying  press ;  and 
he  made  several  useful  chemical  deductions,  one  of  which 
was  that  water  is  composed  of  two  elements.  He  was  also 
a  surveyor  of  ability,  who  did  much  to  improve  the  harbor 
and  the  water  system  of  his  native  town  of  Greenock, 
Scotland. 

James  Watt  was  the  son  of  a  maker  of  mathematical 
instruments,  and  the  boy  gained  his  first  knowledge  of 
this  work  in  his  father's  shop.  Later,  he  was  apprenticed 
to  other  instrument-makers  in  Glasgow  and  London.  To 
the  London  shop  came  many  of  the  prominent  scientists 
of  that  day,  and  young  Watt  listened  attentively  to  their 
discussions.  In  this  way  he  became  familiar  with  the  in- 
ventions of  Savary,  Newcomen,  and  others  and  with  the 
theory  of  latent  heat  just  then  propounded  at  Glasgow 
University. 

On  the  completion  of  his  apprenticeship  he  settled  in 
Glasgow  as  instrument-maker  to  the  university.  His  work- 
shop was  within  the  college  grounds  and  soon  became  the 
gathering  place  for  all  who  were  interested  in  the  new 
scientific  developments. 

As  often  happens.  Watt  made  his  greatest  contribution 
to  science  in  the  course  of  what  at  first  appeared  merely 
routine  work.  A  Newcomen  steam  engine  belonging  to 
the  university  was  brought  to  him  to  be  repaired.  Watt's 
interest  was  aroused,  because  for  some  time  he  had  been 
experimenting  with  steam  to  propel  vehicles,  so  far  without 
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success.  Studying  the  Newcomen  steam  engine,  he  saw  the 
solution  of  his  own  difficulty  and  at  the  same  time  the 
way  to  improve  upon  Newcomen's  invention.  The  New- 
comen type  was  an  extravagant  consumer  of  steam  because 
the  water,  injected  directly  into  the  cylinder  to  condense 
the  steam,  cooled  the  cylinder,  which  must  then  be  re- 
heated before  more  power  could  be  generated.  Watt's 
great  invention  was  a  separate  condenser  by  means  of 
which  he  was  able  to  obtain  a  high  and  uniform  tempera- 
ture in  the  cylinder. 

But  success  did  not  come  all  at  once.  Although  he  saw 
what  was  needed,  the  lack  of  proper  tools,  especially  those 
with  which  to  make  perfectly  fitting  cylinders  and  pistons, 
caused  repeated  failures.  It  was  after  such  a  failure  that  he 
turned  his  attention  to  other  things,  to  earn  enough  money 
to  support  his  family.  Then,  as  soon  as  he  had  leisure 
time  and  something  saved,  he  turned  back  to  the  engine. 

After  some  years  he  formed  a  partnership  with  Matthew 
Boulton,  an  English  manufacturer.  Finally  their  oppor- 
tunity came.  Mines  in  Cornwall  had  been  abandoned 
because  there  was  no  engine  of  sufficient  power  to  pump 
and  keep  them  dry.  Watt  demonstrated  the  capacity  and 
economy  of  his  engine,  with  its  separate  condenser.  It 
proved  its  value,  the  mines  were  reopened,  and  success 
was  assured  for  Watt  and  his  partner.  Yet  Watt  was  not 
satisfied  with  the  engine  as  it  was  then.  All  his  life  he  con- 
tinued to  improve  it,  devising  newer  and  better  cylinders, 
pistons,  rods,  and  boilers. 

Unlike  many  inventors,  James  Watt  lived  to  reap  the 
benefits  of  his  invention.  He  saw  the  steam  engine,  thanks 
largely  to  his  condenser,  put  into  use  for  textile  manu- 
facturing, for  ore-stamping,  for  hoisting  coal,  and  for 
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other  industrial  purposes  where  water  power  or  animal 
power  had  been  used  before.  So  great,  also,  was  the  finan- 
cial success  of  his  invention  that  in  1800  he  was  able  to 
retire  with  an  ample  fortune. 

In  private  life  James  Watt  was  a  kindly  and  pleasing 
companion.  He  had  read  widely  in  several  different  lan- 
guages and  was  able  to  hold  his  own  in  whatever  society 
he  found  himself.  In  the  preface  to  ''The  Monastery" 
Sir  Walter  Scott  speaks  of  meeting  Mr.  Watt,  who  was 
then  in  his  eighty-fifth  year,  and  says  that  ''the  alert, 
kind,  benevolent  old  man  had  his  attention  alive  to  every- 
one's question,  his  information  at  everyone's  command." 
But  what  evidently  pleased  the  novelist  still  more  was 
to  find  that  Mr.  Watt  was  "as  shameless  and  obstinate 
a  peruser  of  novels  as  if  he  had  been  a  very  milliner's 
apprentice  of  eighteen." 

James  Watt  is  buried  in  Westminster  Abbey;  for,  as 
his  monument  reminds  us,  he 

enlarged  the  resources  of  his  country, 

increased  the  power  of  man, 

and  rose  to  an  eminent  place 
among  the  most  illustrious  followers  of  science, 
and  the  real  benefactors  of  the  world. 


John  Ericsson  (1803-1889) 

Every  American  schoolboy  has  read  of  the  encounter 
between  the  Monitor  and  the  Merrimac  in  Hampton  Roads 
on  March  9,  1862.  The  story  is  that  the  little  craft  scof- 
fingly  referred  to  as  "a  cheese  box  on  a  raft"  appeared 
suddenly  one  day  after  the  steel-clad  Merrimac  had  worked 
such  destruction  among  the  wooden  ships  of  the  North 
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that  the  city  of  Washington  stood  in  imminent  danger 
of  being  cannonaded.  After  a  three-hour  battle  between 
these  two  steel-clad  vessels,  the  Merrimac  withdrew, 
never  to  give  battle  again.  The  Northern  navy  was  saved, 
McClellan  could  transport  his  troops  without  hindrance 
from  the  South,  and  the  city  of  Washington  need  no  longer 
fear  destruction  from  hostile  ships.  Little  wonder,  then, 
that  the  rejoicing  Congress  acknowledged  the  skill  and 
foresight  displayed  in  the  construction  of  the  Monitor,  and 
expressed  the  thanks  of  the  nation  to  the  ship's  designer, 
John  Ericsson. 

The  skill  which  produced  the  Monitor,  however,  was  a 
natural  outgrowth  of  the  boyhood  activities  of  John 
Ericsson.  His  childhood  was  spent  in  his  native  Sweden, 
where  his  father  was  superintendent  of  an  iron  mine  and 
later  foreman  of  a  construction  gang  working  upon  the 
Gota  Ship  Canal.  In  both  places  John  learned  all  he 
could  through  careful  attention  to  the  work  going  on  and 
through  constant  drawing  of  designs.  When  only  ten 
years  old  he  made  models  of  a  sawmill  and  a  windmill, 
both  of  which  worked  perfectly.  He  also  made  models  of 
canal  boats,  which  he  towed  at  various  speeds,  noting  the 
wave  motions  produced.  Doubtless  these  experiments  sug- 
gested to  the  boy  the  theories  of  resistance  which  he  later 
developed  as  important  contributions  to  naval  architec- 
ture. From  one  of  the  many  English  engineers  who  were 
in  Sweden  at  that  time,  building  highways  and  canals, 
John  learned  English,  chemistry,  algebra,  and  geometry. 
As  he  was  already  proficient  as  a  draftsman,  he  soon 
learned  field  drawing  also. 

The  death  of  his  father,  when  John  was  about  seventeen, 
caused  the  boy  to  enter  the  Swedish  army.  There  he  was 
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soon  recognized  as  an  expert  in  ever5i;hing  connected 
with  artillery.  He  turned  his  attention  especially  to  the 
study  of  guns  and  explosives  and  gained  a  broad  knowl- 
edge of  military  and  naval  practice. 

In  a  few  years,  however,  he  tired  of  military  life  and 
turned  to  his  old  interest  in  mechanical  inventions.  Con- 
fident at  last  that  he  had  devised  a  successful  engine 
in  which  the  power  would  be  furnished  by  flame  in- 
stead of  steam,  he  carried  it  to  England  in  1826.  There, 
however,  the  substitution  of  coal  for  wood  as  fuel  made 
his  engine  appear  worthless.  Discouraged  at  this  failure 
and  having  spent  all  his  savings,  he  was  glad  to  find 
employment  with  an  English  manufacturer  named  John 
Braithwaite. 

From  1826  to  1839  Ericsson  remained  in  London  with 
Braithwaite,  first  as  employee  and  then  as  partner.  Dur- 
ing these  years  his  inventions  were  many  and  varied.  The 
first  steam  fire  engine  and  a  locomotive  which  made  thirty 
miles  an  hour  were  two  of  the  best-known.  It  was  his 
experiments  with  screw  propellers,  however,  which  most 
influenced  his  later  life.  In  1835  he  built  a  steamboat  and 
equipped  it  with  a  propeller.  When  tried  out  on  the 
river  Thames,  the  boat  made  ten  miles  an  hour,  which 
was  remarkable  speed  for  that  time.  Although  not  ac- 
cepted by  the  English  naval  authorities  for  many  years, 
this  invention  really  marked  the  end  of  the  days  of  sailing 
vessels.  Four  years  later  Ericsson's  machinery  and  pro- 
peller were  used  on  the  first  screw-driven  steamship  to 
cross  the  Atlantic  Ocean. 

The  success  of  his  steamship  brought  Ericsson  in  1839 
to  America.  His  first  commission  here  was  for  a  small 
iron  warship,  the  Princeton,  which  was  equipped  with  a 
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screw  propeller  and  with  other  devices  for  speed  and 
safety  similar  to  those  found  today  on  all  warships.  So 
immediate  was  its  success  that  by  1843  there  were  fifty 
steamers  fitted  out  with  screw  propellers.  For  the  next 
ten  or  fifteen  years  Ericsson  continued  his  experiments  in 
warship  construction.  Only  a  few  years  before  the  begin- 
ning of  the  Civil  War  he  designed  for  the  French  complete 
plans  for  a  turret  warship.  So  when  war  broke  out  be- 
tween North  and  South,  he  was  ready  to  come  to  the  aid 
of  the  North  with  the  plans  for  the  Monitor,  which  was 
the  first  warship  carrjdng  its  guns  in  a  single  turret  and 
with  its  machinery  below  the  water  line  and  protected  by 
armor  plate. 

Just  as  his  screw  propeller  had  doomed  the  sailing  vessel, 
so  his  ironclad  Monitor  doomed  the  wooden  ship  for  war 
purposes.  In  the  years  following  the  Civil  War,  Ericsson 
built  many  ships  of  the  Monitor  type,  from  year  to  year 
perfecting  new  devices  which  increased  their  strength  or 
speed.  Other  countries  too  called  on  him  for  help.  He 
planned  coast  defenses  for  his  native  land  and  built  gun- 
boats for  Spain.  But  to  America,  his  adopted  country,  he 
devoted  most  of  his  skill.  As  late  as  1887  we  find  him 
advising  the  United  States  navy  concerning  types  of 
warships.  Other  inventions,  too,  appeared,  such  as  the 
hot-air  engine  and  the  solar  engine,  the  latter  tjrpe  pro- 
ducing steam  by  utilizing  the  rays  of  the  sun.  Though 
the  principles  were  sound,  this  device  has  not  proved 
practicable.  In  fact,  so  numerous  were  Ericsson's  activities 
that  at  the  time  of  his  death,  in  1889,  he  was  credited 
with  a  greater  number  of  independent  devices  for  use  in 
power  machinery  than  had  ever  been  invented  by  any 
other  man. 
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James  B.  Eads  (1820-1887) 

If  ever  a  river  played  an  important  part  in  the  life  of  a 
man,  the  Mississippi  did  in  that  of  James  Buchanan  Eads. 
From  the  morning  in  his  boyhood  when  he  was  shipwrecked 
on  its  banks  to  the  day,  over  fifty  years  later,  when  his 
death  left  unfinished  a  new  plan  for  making  the  river  use- 
ful, this  man's  fate  was  linked  inseparably  with  the  great 
river.  Through  it  came  the  opportunity  for  his  three 
greatest  achievements,  and  from  it  he  learned  lessons  not 
taught  by  books  or  schools. 

Although  James  B.  Eads  was  born  in  Indiana,  he  lived 
at  different  times  in  both  Ohio  and  Kentucky.  Before  he 
was  fourteen  he  had  made  two  memorable  trips  on  river 
boats.  On  the  first,  when  the  nine-year-old  boy  was  on 
his  way  with  his  family  to  Kentucky,  he  displayed  more 
than  the  usual  boyish  interest  in  the  mechanism  of  the 
ship,  and  after  their  arrival  at  their  new  home  he  spent 
many  days  making  models  of  engines  run  by  steam.  The 
second  trip  was  less  pleasant,  but  equally  important.  A 
fire  on  the  boat  which  was  carrying  the  Eads  family  to  a 
new  home  in  St.  Louis  left  them  stranded  on  the  river 
bank.  It  is  an  interesting  coincidence  that  years  later 
James  Eads  was  the  builder  of  a  bridge  which  crossed  the 
river  close  by  this  landing-place. 

When  he  was  nineteen  the  river  again  called  to  James 
Eads.  He  secured  a  position  as  clerk  on  a  Mississippi 
River  steamboat.  Although  his  work  had  nothing  to  do 
with  the  running  of  the  boat,  his  interest  in  the  river 
caused  him  to  study  it  most  carefully  until  he  came  to 
know  its  peculiarities  as  few  others  knew  them.  It  is 
therefore  not  surprising  to  find  that  before  long  he  gave 
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up  his  clerkship  to  become  a  partner  in  the  business  of  sal- 
vaging river  boats  wrecked  through  the  constant  shifting 
of  the  channel. 

It  was  to  the  raising  of  such  boats,  with  their  machinery 
and  freight,  that  James  Eads  turned  his  skill.  He  and  his 
partners  worked  up  and  down  the  river  for  hundreds  of 
miles,  salvaging  many  boats  which  had  lain  for  years  on 
the  river  bottom.  As  the  insurance  companies  granted 
very  liberal  payments  for  such  work,  the  partners  in  a  few 
years  found  themselves  wealthy.  But  what  was  more 
important  to  the  future  of  James  Eads  was  the  fact  that 
he  came  to  be  recognized  as  an  authority  on  everything 
pertaining  to  the  currents  of  the  Mississippi  River. 

As  soon  as  the  Civil  War  began,  the  importance  of  con- 
trolling the  Mississippi  River  was  realized.  It  was  indeed 
the  "key  to  the  situation":  it  cut  the  Confederacy  in 
halves,  and  controlled  their  supply  of  men  and  food  from 
Texas  and  Arkansas.  Therefore,  soon  after  the  fall  of 
Fort  Sumter,  the  government  at  Washington  sent  for 
James  Eads  to  aid  them  in  defending  the  Western  rivers. 
Thus  it  happened  that  while  John  Ericsson's  Monitor  was 
winning  its  victory  on  the  Atlantic  waters,  a  fleet  of  iron- 
clad gunboats  built  by  James  Eads  was  clearing  the  upper 
Mississippi  of  all  hostile  craft  and  thus  maintaining  the 
Union  supremacy  in  Western  waters. 

The  next  important  achievement  of  Eads  was  the  con- 
struction of  a  bridge  across  the  Mississippi  at  St.  Louis. 
This  city  had  grown  to  a  community  of  one  hundred  thou- 
sand people.  If,  however,  it  was  to  maintain  its  leadership 
as  a  river  port,  a  bridge  was  an  absolute  necessity.  Much 
opposition  to  its  construction  was  made  by  the  owners  of 
the  ferries  then  in  use  and  also  by  those  who  believed  the 
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river  too  wide  to  be  spanned  successfully.  In  1867,  how- 
ever, Congress  passed  the  bill  for  the  construction  of  a 
bridge  with  a  central  span  of  not  less  than  five  hundred 
feet.  The  company  of  which  James  Eads  was  chief  engi- 
neer undertook  its  construction.  Again  his  knowledge  of 
the  river  served  him  well :  knowing  the  depth  of  the  cur- 
rent and  the  constant  shifting  of  the  bottom,  he  insisted 
on  sinking  the  piers  to  bed-rock.  Later  developments 
proved  the  wisdom  of  this  precaution,  although  at  the 
time  it  met  v/ith  great  opposition  as  a  needless  expense. 
After  seven  years  of  labor  the  bridge  was  completed,  and 
during  its  many  years  of  service  it  has  done  much  to 
further  the  growth  and  prosperity  of  St.  Louis. 

It  is  with  a  third  great  achievement  that  his  name  is 
now  most  widely  associated,  namely,  with  the  building  of 
the  Mississippi  jetties.  Below  New  Orleans  the  Missis- 
sippi flowed  very  sluggishly,  and,  broadening  out  into 
several  mouths,  wandered  for  miles  over  marshland  before 
reaching  the  Gulf  of  Mexico.  Across  the  openings,  or 
mouths,  sandbars  had  formed  which  cut  off  all  navigation. 
For  years  government  engineers  had  struggled  to  get  rid 
of  these  bars,  but  none  had  been  permanently  successful. 
Eads,  again  calling  on  his  knowledge  of  the  river,  pro- 
posed to  make  it  scour  out  its  own  channel.  He  had  learned 
that  the  amount  of  sediment  which  a  river  can  carry  along 
depends  on  the  swiftness  of  its  current,  which,  in  turn,  is 
determined  by  the  slope,  width,  and  depth  of  the  river. 
Basing  all  his  plans  on  these  simple  facts,  he  proposed  to 
narrow  the  river  at  its  mouth  until  he  had  increased  the 
velocity  sufficiently  to  force  out  into  the  deep  waters  of 
the  Gulf  the  sediment  which  had  formed  the  obstruction. 
Again  his  plans  met  with  opposition ;  but  again  he  proved 
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his  point.  With  mattresses  made  from  the  willows  grow- 
ing along  the  banks  he  built  artificial  walls,  or  jetties. 
Upon  these  foundations  he  then  erected  stone  or  con- 
crete walls.  At  the  end  of  four  years  the  river  had  actually 
deepened  its  own  channel  over  twenty  feet,  just  as  Eads 
had  intended  it  should,  and  the  obstructing  bars  were 
gone  forever. 

The  far-reaching  effects  of  this  work  can  hardly  be 
estimated.  Not  only  did  New  Orleans  grow  rapidly  in  im- 
portance as  a  port,  but  every  farm  and  factory  throughout 
the  entire  Mississippi  Valley  took  on  new  value  through 
the  great  impetus  thus  given  to  commerce.  Had  Eads 
lived  long  enough  to  continue  this  work  by  installing 
his  system  of  river  control,  navigation  would  have  been 
improved,  and  some  influence  would  have  been  exerted  to 
reduce  the  damage  done  by  the  disastrous  floods  which 
frequently  sweep  down  the  Mississippi  Valley. 

John  A.  Roebling  (1806-1869)  and  Washington  A. 
ROEBLING  (1837-1926) 

In  the  beautiful  Cadwalader  Park  of  Trenton  stands  a 
splendid  stone  monument  topped  by  a  bronze  statue.  On 
two  faces  of  the  stone  pedestal  are  bronze  panels  bearing 
in  relief  reproductions  of  the  Niagara  Suspension  Bridge 
and  of  Brooklyn  Bridge.  A  third  face  bears  an  inscription, 
a  part  of  which  reads :  "To  John  A.  Roebling,  civil  engi- 
neer, designer  and  builder  of  many  suspension  bridges." 
Trenton  contains  also  a  still  greater  monument  to  its 
adopted  son  in  the  Roebling  steel-rope  works,  which  are 
continued  today  under  the  direction  of  Roebling's  sons. 

This  builder  of  bridges  came  to  America  from  his  native 
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Germany,  where  he  had  received  a  degree  as  a  civil  engi- 
neer from  the  Royal  Polytechnic  School  at  Berlin.  Even 
in  his  college  days  suspension-bridge  building  had  inter- 
ested him,  and  he  chose  this  subject  for  his  graduation 
thesis.  In  America  he  settled  on  a  farm  near  Pittsburgh, 
which  was  then  almost  frontier  land.  The  need  of  skilled 
men  to  direct  the  opening  of  canals  and  riverways,  how- 
ever, soon  drew  him  from  his  farm  to  state  employment 
as  an  engineer. 

It  was  in  this  work  that  he  defied  tradition  and  took  the 
step  which  determined  much  of  his  future  success.  That 
is,  he  first  applied  wire  to  the  support  of  weights  for  which 
others  had  used  stone  piers  or  arches.  When  he  announced 
his  intention  of  trying  this  out  on  an  aqueduct  across  the 
Allegheny  River,  other  engineers  ridiculed  the  idea.  But 
he  proved  that  it  could  be  done,  and  followed  this  first 
success  by  several  others  on  the  Delaware-and-Hudson 
canal  system. 

Each  success  made  greater  the  demand  for  Roebling's 
steel  rope,  for  the  making  of  which  he  had  established 
a  factory  in  Pittsburgh ;  and  in  1848  he  decided  to  build 
larger  works  in  Trenton.  The  following  year  came  the  dis- 
covery of  gold  in  California,  which,  of  course,  gave  a  great 
impetus  to  the  western  extension  of  the  railways.  Almost 
at  once  there  was  a  conflict  between  railroad  and  steam- 
boat interests.  Rivers  had  to  be  spanned  by  bridges  be- 
fore railways  could  cross  them ;  but  stone  piers  and  arches 
obstructed  the  passage  of  steamboats.  The  one  man  of 
the  time  to  solve  the  difficulty  was  the  pioneer  wire-rope 
manufacturer.  By  force  of  argument  and  mathematical 
demonstrations,  he  won  over  the  opposition  to  his  design 
for  a  suspension  bridge  across  Niagara.   Five  years  later. 
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in  1855,  a  span  over  eight  hundred  feet  long,  carried  by 
four  wire  cables  ten  inches  in  diameter,  supported  the  first 
railroad  train  to  cross  a  suspension  bridge. 

Other  suspension  bridges  were  built  by  Roebling  at 
Pittsburgh  and  at  Cincinnati,  and  while  constructing  them 
he  was  planning  a  still  greater  achievement.  This  was  the 
building  of  a  suspension  bridge  with  a  span  of  sixteen  hun- 
dred feet  to  connect  the  cities  of  New  York  and  Brooklyn. 
The  greatest  feature  in  the  project  was  the  placing  of  the 
cables  high  enough  above  the  river  to  enable  ships  with 
high  masts  to  pass  underneath.  The  stupendous  character 
of  this  undertaking  delayed  its  beginning  for  nearly  ten 
years.  Then,  unfortunately,  it  was  too  late  for  the  designer 
himself  to  see  the  completion  of  this  crowning  achievement 
of  his  career.  An  accident  at  the  very  beginning  of  the 
work  caused  the  death  of  Roebling  in  1869. 

Happily,  however,  a  son,  Washington  A.  Roebling,  who 
had  inherited  much  of  his  father's  skill,  had  been  grow- 
ing up  in  close  contact  with  his  parent's  work.  He  too  was 
trained  as  a  civil  engineer  and  had  assisted  his  father  in 
the  construction  of  the  first  suspension  bridge  over  the 
Allegheny  River.  The  Civil  War  interrupted  his  work  for 
a  time ;  but  after  taking  part  in  several  engagements,  he 
resigned  his  commission  (with  the  rank  of  colonel)  in  time 
to  join  his  father  in  the  making  of  the  Cincinnati  Bridge. 

In  the  meantime  John  Roebling  had  been  preparing  the 
designs  for  the  Brooklyn  Bridge.  When  the  other  work 
was  finished,  he  sent  his  son  to  Europe  to  study  methods 
of  foundation  work  and  the  manufacture  of  special  steel 
for  cables. 

On  his  return  to  America,  Washington  Roebling  took 
up  his  residence  at  Columbia  Heights,  Brooklyn,  where 
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for  the  next  fourteen  years  he  was  in  constant  sight  of  his 
work.  In  fact,  his  men  often  humorously  complained  that 
Colonel  Roebling  "took  the  bridge  to  bed  with  him  every 
night." 

His  father's  death  before  work  was  really  begun  on 
Brooklyn  Bridge  left  Washington  Roebling  the  threefold 
task  of  settling  the  affairs  of  his  father's  estate,  conducting 
the  wire-rope  business  in  Trenton,  and  directing  the  con- 
struction of  what  at  that  time  was  the  largest  bridge  ever 
built.  The  measure  of  his  success  is  marked  by  the  great 
bridge  itself,  still  proudly  serving  its  purpose. 

The  task,  however,  was  too  great  for  Colonel  Roebling's 
physical  strength.  One  afternoon  he  was  brought  out 
of  the  New  York  caisson  nearly  insensible.  All  night  his 
life  was  despaired  of,  but  he  rallied  and  was  back  at  work 
in  a  few  days.  Yet  he  never  regained  his  former  vigor,  and 
soon  he  was  too  weak  to  go  down  to  the  bridge  any  more. 
He  spent  a  whole  winter  writing  out  in  detail  the  plans 
for  the  bridge  lest  he  himself  might  die  before  it  was 
finished.  Then  for  nearly  ten  years  he  directed  the  work 
from  the  bed,  where  he  lay  by  a  window  overlooking  the 
bridge.  In  1883  this  devotion  and  determination  were  re- 
warded :  the  great  Brooklyn  Bridge  was  opened  to  traffic 
and  declared  one  of  the  finest  pieces  of  construction  in 
the  world. 


George  Westinghouse  (1846-1914) 

"If  I  understand  you,  young  man,  you  propose  to  stop 
a  railroad  train  with  wind.  That  is  impossible ;  I  have  no 
time  to  listen  to  such  nonsense."  These,  we  are  told, 
were  the  impatient  words  of  Commodore  Vanderbilt, 
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owner  and  operator  of  several  railroad  lines.  They  were 
spoken  one  day  not  long  after  the  close  of  the  Civil  War 
to  a  young  man  who  had  appeared  before  him  with  the 
design  for  an  air  brake  to  be  used  on  railroad  trains.  In 
spite  of  the  railroad  magnate's  unfavorable  opinion,  how- 
ever, a  few  years  later  this  same  "impossible"  device  was 
in  use  on  all  the  trains  being  operated  by  Corhmodore 
Vanderbilt,  and  the  name  of  George  Westinghouse  had 
come  into  prominence  as  its  inventor. 

Even  in  the  days  when  as  a  boy  he  worked  in  his  father's 
factory  at  Schenectady,  New  York,  George  Westinghouse 
showed  great  interest  in  machinery  and  considerable  in- 
ventive genius.  After  serving  as  an  engineer  in  the  United 
States  navy  during  the  Civil  War  and  then  spending  two 
years  at  Union  College,  young  Westinghouse  returned  to 
his  father's  shop,  and  very  soon  worked  out  and  patented 
several  minor  mechanical  devices. 

In  1866  an  accident  occurred  which  had  important  re- 
sults both  for  this  young  man  and  for  the  development  of 
transportation  facilities.  On  the  railroad  between  Schenec- 
tady and  Troy  two  trains  crashed  in  a  disastrous  head-on 
collision.  Investigation  showed  that  the  accident  might 
have  been  averted  had  the  trains  been  equipped  with 
powerful  and  quick-acting  brakes.  George  Westinghouse 
pondered  deeply  over  this  need  and  made  many  experi- 
ments. Three  years  later,  in  1869,  he  took  out  a  patent  on 
his  first  air  brake,  and  a  train  equipped  with  the  device 
started  out  from  the  Union  Station  in  Pittsburgh. 

Although  a  great  step  in  advance,  this  brake  soon 
showed  its  weaknesses.  It  was  a  direct-action  brake,  in 
which  the  air  was  forced  from  the  reservoir  through  a  long 
pipe  to  the  cylinders  in  the  different  cars.   In  a  long  train 
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this  meant  much  loss  of  time  in  bringing  the  train  to  a 
stop.  More  serious  still,  in  case  of  an  accident  in  which 
any  of  the  cars  were  uncoupled,  the  brakes  ceased  to  work. 

Westinghouse,  therefore,  continued  his  experiments,  tak- 
ing out  over  twenty  additional  patents  on  the  air  brake 
within  the  next  two  or  three  years.  Finally,  in  1872,  he 
produced  the  automatic  air  brake.  Whereas  in  the  earlier 
type  increased  pressure  applied  the  brake,  in  this  later  type 
decreased  pressure  applied  it.  So  a  high  rate  of  speed 
could  be  kept  up  almost  to  the  moment  of  stopping  and 
yet  a  smooth  and  safe  stop  be  made.  Better  still,  if  a 
train  was  torn  in  two,  the  brakes  now  worked  automati- 
cally to  stop  the  uncoupled  cars.  Thus  one  great  danger 
was  removed  from  railroad  travel. 

From  brakes  to  signals  was  a  natural  step.  Stand  today 
in  the  yard  of  any  great  railroad  center  and  watch  the 
numberless  trains  roll  in  and  out,  each  one  choosing  un- 
erringly its  own  track  and  switch,  and  passing  swiftly  on 
without  interference  from  the  others.  The  speed  and 
safety  which  characterize  this  miracle  of  modern  railroad- 
ing are  due  to  the  faultless  working  of  the  automatic  block 
signals  devised  by  George  Westinghouse. 

But  the  work  Westinghouse  did  for  the  advancement 
of  speed  and  safety  in  transportation  was  only  the  first 
of  two  fundamental  contributions  to  civilization.  In  the 
later  years  of  his  life  he  turned  his  energies  to  developing 
the  use  of  the  alternating  current  in  the  transmission  of 
electrical  power.  In  this  field  Westinghouse  was  not  so 
much  himself  the  inventor  as  the  great  stimulating  force 
to  other  inventors.  When  he  first  became  interested  in 
electricity  as  a  source  of  power,  the  value  of  alternating 
current  was  just  beginning  to  receive  consideration ;  today 
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we  are  told  that  95  per  cent  of  all  electric  energy  is 
transmitted  by  alternating  current.  Westinghouse  was 
the  first  to  see  the  big  possibilities  here,  and  by  his  organi- 
zation of  great  companies  he  roused  and  encouraged  the 
inventive  genius  of  the  younger  men.  Today  one  has  only 
to  turn  to  the  pages  of  the  daily  newspapers  or  the  current 
magazines  to  see  advertised  innumerable  electrical  devices 
which  his  companies  have  produced. 

Years  ago  Macaulay  said  that  "of  all  inventions,  the 
alphabet  and  the  printing-press  excepted,  those  inventions 
which  abridge  distance  have  done  the  most  for  the  civiliza- 
tion of  our  species.  Every  improvement  of  the  means  of 
locomotion  benefits  mankind  morally  and  intellectually  as 
well  as  materially."  Judged  by  this  standard,  then,  it  does 
not  seem  too  much  to  prophesy  that  when  future  historians 
look  back  upon  this  age  of  power,  they  will  record  among 
the  names  of  those  who  have  made  the  largest  contribu- 
tions to  our  civilization  that  of  George  Westinghouse. 

Samuel  Rea  (1855-       ) 

Undoubtedly  the  greatest  accomplishment  in  railroad 
engineering  of  recent  years  is  the  linking  of  Manhattan 
Island  with  the  mainland  by  means  of  the  Hell  Gate 
Bridge,  the  Hudson  River  tunnels,  and  the  great  Pennsyl- 
vania Station  in  the  heart  of  New  York  City.  Of  course, 
thousands  of  men,  unskilled  laborers  as  well  as  trained 
engineers,  contributed  to  the  success  of  this  undertaking ; 
but  the  one  man  who  stands  out  as  master  builder  and 
commanding  officer  of  the  entire  undertaking  is  Samuel 
Rea,  for  fifty  years  a  worker  for  and  a  participator  in  the 
success  of  the  Pennsylvania  Railroad. 
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Dr.  Rea  began  his  long  connection  with  this  road  in 
1871,  when  he  was  only  sixteen  years  of  age.  From  his 
first  work  as  chainman  and  rodman,  he  advanced  rapidly 
to  positions  of  greater  and  greater  responsibility,  becoming 
an  assistant  engineer  before  he  was  twenty-one. 

One  of  the  earliest  constructions  to  which  he  was  as- 
signed was  the  "Point  Bridge"  at  Pittsburgh.  This  chain 
suspension  bridge,  which  was  under  construction  during 
the  Centennial  year,  1876,  was  an  object  of  great  interest 
to  the  many  European  engineers  visiting  America  that  year. 
As  one  of  the  younger  engineers,  it  was  part  of  Samuel 
Rea's  duty  to  show  and  explain  the  work  to  these  visitors. 
Fifty  years  later,  in  1926,  this  bridge  was  still  in  good 
structural  condition,  but  the  great  demands  of  modern 
traffic  made  it  advisable  to  replace  it  by  a  larger  structure. 

Even  fifty  years  ago  it  was  evident  to  the  officers  of  the 
Pennsylvania  road  that  New  York  City  was  the  logical 
terminus  for  their  road  and  that  it  should  be  reached  on 
their  own  rails.  From  their  point  of  view  the  ferries  then 
in  use  were  regarded  merely  as  a  temporary  measure. 

There  were,  of  course,  two  methods  of  direct  entrance 
to  New  York  by  rail :  a  tunnel  under  the  river  and  a 
bridge  over  it.  As  early  as  1874  an  attempt  at  tunneling 
the  Hudson  was  made,  but  it  proved  unsuccessful  because 
of  the  objection  to  using  steam  locomotives.  Hence  it 
seemed  for  a  time  as  if  a  high-level  bridge  would  be  the 
better  method  of  entering  the  city.  Plans  for  such  a  bridge 
were  drawn,  and  a  charter  was  secured.  The  inability  of 
other  railroads  to  cooperate  in  the  undertaking,  however, 
forced  the  Pennsylvania  to  abandon  the  project. 

Yet  all  this  time  there  were  some  officials  of  the  Penn- 
sylvania Railroad  who  favored  the  tunnel  rather  than  the 
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bridge.  Samuel  Rea  was  one  of  these.  For  years  he  studied 
the  project  as  it  had  been  worked  out  in  other  places. 
In  1887  and  again  in  1892  he  visited  London  and  made 
an  exhaustive  survey  of  the  underground  systems  there. 
His  report  and  recommendations  based  on  this  study  did 
much  to  persuade  his  company  that  a  tunnel  into  New 
York  City  was  feasible. 

At  length,  in  1903,  the  great  undertaking  was  begun. 
Samuel  Rea  was  placed  in  charge  of  the  threefold  work 
of  construction :  the  Hudson  River  tunnels,  the  Pennsyl- 
vania Station,  and  the  Hell  Gate  Bridge.  In  1910  the  first 
trains  ran  out  of  the  great  terminal  station  through  the 
new  tunnels,  and  the  opening  of  the  Hell  Gate  Bridge  in 
1917  completed  the  project.  Thus  the  Pennsylvania  Rail- 
road had  effected  an  all-rail  direct  line  between  New  Eng- 
land and  the  Southern  and  Western  states. 

During  these  years  Rea  had  been  advanced  from  one 
position  to  another,  until  in  1912  he  was  elected  presi- 
dent of  the  road  he  had  served  so  long.  This  position  he 
held  until  his  retirement  in  1925.  Colleges  and  societies 
also  took  note  of  his  achievements  and  conferred  degrees 
upon  him.  He  became  a  Doctor  of  Laws  of  Lafayette  and 
a  Doctor  of  Science  of  Princeton.  In  1926  the  Franklin 
Institute  made  him  an  honorary  member  and  awarded 
him  the  Franklin  medal,  ''the  highest  honor  in  the  gift 
of  the  Institute."  In  conferring  this  medal  Dr.  Walton 
Clark,  who  introduced  Dr.  Rea,  spoke  of  their  pleasure 
that  "the  first  Pennsylvanian  to  receive  this  medal  has 
earned  the  title  to  it  in  a  field  in  which  the  application  of 
science  to  industry  —  the  immediate  application  of  useful 
discovery  and  invention  to  the  betterment  of  man's  con- 
dition —  is  an  outstanding  feature." 
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In  his  speech  of  acceptance  Dr.  Rea  showed  that  al- 
though he  had  retired  from  active  participation  in  the 
work  of  the  road,  he  still  followed  its  movements  with 
interest  and  looked  forward  to  still  greater  developments, 
stating  his  belief  that  the  rapid  growth  of  passenger  and 
motor  traffic  would  soon  make  necessary  more  bridges  as 
well  as  tunnels  across  the  Hudson  and  East  rivers. 


George  W.  Goethals  (1858-1928) 

Many  of  the  early  explorers,  including  Columbus, 
sought  a  short  route  to  the  Indies ;  and  in  doing  so  they 
visited  the  shores  of  Panama,  where  now  is  the  eastern 
entrance  of  the  Panama  Canal.  That  little  strip  of  land 
which  connected  the  two  Americas  was  so  tantalizingly 
narrow  that  even  the  Spanish  conquistadores  talked  of  the 
possibility  of  a  canal  across  the  Isthmus  of  Panama.  With 
the  discovery  of  gold  in  California  in  1848  the  demand  for 
some  shorter  route  thither  became  so  insistent  that  a  rail- 
road was  built  between  Colon  and  Panama.  Yet  this  was 
regarded  by  everyone  as  merely  a  temporary  measure,  — 
a  ship  canal  was  the  real  need.  So  it  was  natural  enough 
that  Count  Ferdinand  de  Lesseps,  the  successful  builder 
of  the  Suez  Canal,  should  undertake  a  similar  project  in 
America.  The  story  of  his  disastrous  struggle  against  dis- 
honesty and  disease  is  well  known.  After  the  loss  of  three 
hundred  million  dollars  and  the  lives  of  hundreds  of  his 
workers,  De  Lesseps  was  forced  to  abandon  the  struggle. 

The  entrance  of  the  United  States  upon  the  scene  as  a 
canal-builder  came  in  1902,  when  Congress  authorized  the 
purchase  of  the  Colon-to-Panama  railroad  and  the  French 
canal  rights.  An  Isthmian  Canal  Commission  had  been 
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appointed,  and  work  was  begun  under  Chief  Engineer  John 
F.  Wallace,  who  was  succeeded  the  next  year  by  Chief 
Engineer  John  F.  Stevens.  Colonel,  afterwards  General, 
Gorgas  was  the  chief  sanitary  officer  and  as  such  deserves 
much  credit  for  the  conquest  of  malaria,  yellow  fever,  and 
typhoid.  This  victory  made  the  completion  of  the  Canal 
possible,  as  disease  was  the  principal  cause  of  the  failure 
of  the  French  enterprise.  General  Gorgas  was  afterwards 
appointed  Surgeon-General  of  the  United  States  army. 

In  1907  Lieutenant-Colonel  Goethals,  of  the  United 
States  army,  was  appointed  chief  engineer  in  charge  of  the 
construction  of  the  Panama  Canal.  President  Roosevelt 
often  said  that  he  never  hesitated  about  this  appointment, 
—  that  all  indications  pointed  to  Colonel  Goethals  as  the 
man  for  the  place.  Perhaps  the  comment  of  a  superior 
officer  during  the  early  army  days  of  Colonel  Goethals 
may  partly  explain  this.  He  said:  "Whatever  I  gave 
him  to  do  I  immediately  dismissed  from  my  mind.  I 
knew  it  would  be  done  right."  The  best  evidence  of  the 
truth  of  this  opinion  is  found  today  in  the  great  Canal 
through  which  the  ships  of  the  world  pass  from  the 
Atlantic  to  the  Pacific,  the  modern  engineering  achieve- 
ment that  outranks  any  of  the  seven  wonders  of  the 
ancient  world. 

It  is  an  interesting  fact  to  all  Americans  that  this  builder 
of  our  Canal  bears  the  name  of  another  great  American, 
the  builder  of  our  nation.  George  Washington  Goethals, 
although  of  Dutch  parentage,  was  bom  in  the  United 
States.  He  grew  up  in  his  birthplace,  Brooklyn,  New 
York ;  and  from  the  time  he  was  eleven  years  old  he  worked 
at  various  jobs  in  order  to  contribute  toward  the  family 
income.   After  putting  himself  through  the  College  of  the 
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City  of  New  York,  young  Goethals  found  his  health  was 
not  sufficiently  good  to  make  advisable  his  following  the 
surgeon's  profession,  which  was  his  first  choice.  There- 
fore he  secured  admission  to  the  United  States  Military 
Academy  at  West  Point.  The  regular  routine  of  military 
discipline  soon  restored  him  to  excellent  physical  condi- 
tion, and  he  applied  himself  with  interest  to  his  new  life. 
His  graduation  in  1880  was  marked  by  a  threefold  dis- 
tinction rarely  attained  by  a  cadet:  in  scholarship  he 
stood  second  in  a  class  of  fifty-four,  in  recognition  of  his 
power  as  a  leader  he  was  chosen  by  the  faculty  as  one  of 
the  four  cadet  captains,  and  by  the  vote  of  his  classmates 
he  was  the  unanimous  choice  for  class  president. 

The  high  scholarship  maintained  by  George  Goethals 
at  the  Academy  secured  for  him  appointment  to  the 
Engineers'  Corps,  an  honor  given  to  but  two  of  his  class. 
During  the  next  ten  years  he  continued  his  studies  in 
higher  mathematics  and  engineering  problems,  giving 
practical  demonstration  of  his  ability  in  such  construc- 
tions as  the  Muscle  Shoals  Canal  on  the  Tennessee  River. 
As  an  instructor  in  civil  and  military  engineering  at  the 
Academy  he  inspired  his  pupils  with  his  own  enthusiasm 
for  the  work  and  thus  won  marked  success  as  a  teacher. 
During  the  Spanish  War  he  did  much  useful  work  as 
Chief  of  Engineers  in  Porto  Rico,  and  by  1903  he  had  at- 
tained the  rank  of  major  and  was  engaged  in  the  construc- 
tion of  harbor  fortifications  at  Newport,  Rhode  Island. 
In  all  these  assignments  he  displayed  the  same  qualities  of 
accurate  knowledge,  good  judgment,  and  ability  to  direct 
men.  So,  as  we  have  seen,  his  superior  officers  turned 
naturally  to  him  when  there  was  need  of  a  man  to  take 
charge  of  the  building  of  the  great  Panama  Canal, 
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In  this  undertaking  Colonel  Goethals  found  that  one 
of  the  most  effective  ways  of  handling  the  men  was 
through  good-natured  rivalry.  First  of  all,  he  divided  the 
entire  work  into  three  sections,  which  he  called  the 
Atlantic,  Central,  and  Pacific  divisions.  Each  of  these  he 
placed  under  a  skillful  superintendent,  and  then  treated 
the  workers  as  three  teams  competing  in  a  great  game. 
Every  week  the  results  of  the  work  of  each  division  were 
printed  in  the  Canal  Record,  of  which  every  worker  had  a 
copy.  There  Steam  Shovel  Gang  No.  37  of  the  Atlantic 
division  learned,  perhaps,  that  the  rival  gang  in  the 
Pacific  division  had  gained  two  points  over  them ;  no 
other  incentive  was  needed  to  drive  No.  37  to  beat  that 
record  the  next  week.  The  weekly  records  were  followed 
as  closely  as  baseball  scores,  and  thus,  by  playing  one 
team  against  the  other,  from  each  was  drawn  the  maxi- 
mum of  work. 

It  was  the  firm  belief  of  Colonel  Goethals  that  no  piece 
of  public  work  could  be  satisfactorily  done  through  com- 
mittees, boards,  or  commissions.  "All  boards,"  he  once 
said,  "are  long,  narrow,  and  wooden."  He  insisted  that 
sole  responsibility  should  be  given  to  one  man.  Of  course, 
it  was  natural  that  a  man  with  such  ideas  should  be  called 
an  autocrat.  If  an  autocrat  is  one  who  demands  from 
every  man  his  best  work  and  insists  that  to  every  man  be 
given  full  credit  for  the  work  accomplished,  then  perhaps 
he  was.  His  orders  were  clear  and  emphatic,  and  dis- 
regard of  them  meant  instant  dismissal ;  on  the  other 
hand,  no  leader  ever  took  greater  precautions  to  guard 
the  health  and  safety  of  his  men  or  listened  more  patiently 
to  their  grievances.  When,  after  the  completion  of  the 
Canal,  he  was  made  Governor  of  the  Canal  Zone,  he 
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administered  with  justice  and  ability  a  civil  population 
made  up  of  widely  differing  elements. 

Colonel  Goethals  has  always  been  a  doer  rather  than  a 
talker.  Yet,  like  most  men  of  few  words,  he  can  make 
those  few  most  effective.  The  following  quotation  from 
an  address  made  by  him  to  a  graduating  class  at  West 
Point  not  only  expresses  his  own  ideals  for  his  profession 
but  serves  as  excellent  advice  to  the  young  man  about  to 
start  out  on  an  engineering  career : 

To  accomplish  successfully  any  task  it  is  necessary  not  only 
that  you  should  give  it  the  best  that  is  in  you,  but  that  you 
should  obtain  for  it  the  best  there  is  in  those  who  are  under 
your  guidance.  To  do  this  you  must  have  confidence  in  the 
undertaking  and  confidence  in  your  ability  to  accomplish  it, 
in  order  to  inspire  the  same  feeling  in  them.  You  must  have 
not  only  accurate  knowledge  of  their  capabilities,  but  a  just 
appreciation  and  a  full  recognition  of  their  needs  and  rights 
as  fellow  men.  In  other  words,  be  consistent,  just,  and  fair 
with  them  in  all  dealings,  treating  them  as  fellow  members  in 
the  great  Brotherhood  of  Humanity. 

Charles  P.  Steinmetz  (1865-1923) 

One  day  in  1892  a  paper  was  read  before  the  American 
Institute  of  Electrical  Engineers  by  a  small  man,  —  in 
fact,  a  dwarf,  —  physically  deformed,  whose  command  of 
English  was  very  imperfect.  Yet  after  the  first  few  sen- 
tences all  this  was  forgotten  by  the  audience  in  their 
amazement  at  the  mathematical  deductions  he  had  made 
and  the  new  electrical  law  he  had  discovered.  Scientists 
all  over  the  world  read  the  printed  reports  of  his  address, 
and  newspapers  and  magazines  made  known  to  all  the 
name  of  Charles  Proteus  Steinmetz. 
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This  mathematical  genius  was  a  native  of  Germany, 
but  was  exiled  in  early  youth  because  of  his  pronounced 
socialistic  views.  He  continued  his  education  in  Switzer- 
land, where  he  met  an  American  student  who  advised  him 
to  come  to  America.  Accordingly,  he  arrived  in  New 
York  in  1889,  and  soon  secured  work  in  Yonkers,  with 
the  manufacturer  and  inventor  Rudolf  Eickemeyer. 

The  association  of  these  two  men  did  much  to  deter- 
mine the  future  of  Charles  Steinmetz.  Eickemeyer,  who 
was  himself  one  of  the  earliest  experimenters  with  elec- 
tricity, quickly  recognized  the  ability  of  his  young  em- 
ployee. He  set  him  to  work  first  on  designs  for  motors  to 
be  used  in  street  cars.  When  these  motors  were  tested  the 
next  summer  in  Brooklyn,  the  two  men  were  interested 
observers  and  came  to  know  each  other  better.  As  a 
result,  a  few  months  later  Eickemeyer  set  up  in  his 
factory  a  crude  experimental  laboratory  and  placed  it 
in  charge  of  Steinmetz. 

To  this  laboratory  came  the  design  for  one  of  the  first 
alternating-current  motors.  From  his  study  of  this, 
Steinmetz  worked  out,  by  means  of  involved  mathe- 
matical processes,  the  so-called  "law  of  hysteresis,"  or 
the  loss  of  energy  caused  by  changes  in  magnetism.  It 
was  the  announcement  of  this  law  that  made  so  profound 
an  impression  on  the  gathering  of  electrical  engineers  in 
1892. 

Honors  now  came  rapidly  to  Steinmetz.  He  was  elected 
president  of  the  American  Institute  of  Electrical  Engi- 
neers; he  became  head  of  the  department  of  electrical 
engineering  at  Union  College,  Schenectady,  New  York; 
he  was  induced  to  prepare  a  series  of  textbooks  setting 
forth  his  discoveries  and  experiments ;  and  later  he  joined 
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the  engineering  staff  of  the  General  Electric  Company 
at  Schenectady.  That  he  was  the  acknowledged  leader 
in  the  field  of  electrical  research  was  shown  when,  in 
1902,  Dr.  Charles  W.  Eliot  conferred  on  him  the  degree 
of  Master  of  Arts  of  Harvard  University  with  these  words : 
''I  confer  this  degree  upon  you  as  the  foremost  electrical 
engineer  in  the  United  States,  and  therefore  the  world." 

The  investigations  of  Dr.  Steinmetz  covered  a  wide 
field,  but  he  himself  named  three  as  his  most  valuable 
achievements.  These  were  his  discovery  of  the  law  of 
hysteresis,  his  development  of  a  practical  method  of  mak- 
ing calculations  for  the  design  of  alternating-current 
machinery,  and  his  study  and  theories  concerning  elec- 
trical transients.  During  the  last  years  of  his  life  he  gave 
much  time  to  the  third  of  these ;  but  many  of  his  experi- 
ments were  incomplete  at  the  time  of  his  death.  He  had, 
however,  roused  much  popular  interest  by  his  study  of 
the  phenomena  of  lightning  and  by  the  production  in  his 
laboratory  of  bolts  of  lightning  which  developed  a  million 
horse  power  in  a  single  crash. 

This  remarkable  achievement  caused  many  people  to 
refer  to  the  producer  of  the  thunderbolts  as  the  "modern 
Jove,"  but  the  name  was  never  pleasing  to  Dr.  Steinmetz. 
He  had  no  desire  to  appear  to  dominate  or  control. 
Throughout  his  life  he  was  the  kindliest  of  men,  social  in 
his  nature  and  simple  in  his  tastes.  Much  more  to  his 
liking  was  the  earlier  nickname  of  "Proteus,"  given  him 
during  his  student  days  in  Germany.  According  to  my- 
thology, Proteus  was  a  sea  god  who  assumed  many  shapes ; 
so  the  young  student  interested  in  many  different  sub- 
jects had  seemed  a  "Proteus"  to  his  classmates.  After 
coming  to  America  the  old  name  of  student  days  was 
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adopted  by  him  as  part  of  his  official  signature.  To  those 
who  knew  him  best  it  seemed  very  appropriate.  They 
saw  the  scientist  in  his  laboratory,  working  out  involved 
mechanical  problems;  and  the  instructor  in  the  class- 
room, explaining  his  discoveries  to  others.  But  they  saw 
also,  in  his  leisure  hours,  the  man  who  loved  plants,  as 
he  bent  over  some  rare  specimen  in  his  greenhouse ;  the 
man  who  loved  the  out-of-doors,  as  he  tramped  through 
the  woods  or  paddled  up  and  down  the  river  in  his  canoe ; 
and  the  man  who  loved,  most  of  all,  human  companion- 
ship, as  he  sat  around  his  own  fireside  with  his  adopted 
family  and  friends.  Seeing  how  easily  he  could  tell  fairy 
stories  to  the  children  or  discuss  sports  with  their  older 
brothers,  they  knew  that  the  man  who  was  known  to  the 
world  as  the  "electrical  wizard"  was  indeed  a  man  of 
many  interests,  a  very  Proteus. 

Herbert  C.  Hoover  (1874-       ) 

"Hooverize:  to  save;  to  economize,  be  sparing  in  the 
use  of,  as  food."  So  reads  an  addendum  to  Webster's 
International  Dictionary;  but  behind  this  bald  state- 
ment there  lies  the  life  story  not  merely  of  one  man  but  of 
a  whole  continent.  Those  who  were  most  intimately  con- 
nected with  the  making  of  this  story  say  that  to  them  the 
word  had  a  better  meaning.  It  stood  for  ''efficiency  with 
a  heart  in  it,"  the  controlling  influence  of  Herbert  Clark 
Hoover. 

In  a  small  Quaker  colony  in  Iowa,  Herbert  Hoover  was 
bom  on  August  10,  1874.  The  death  of  both  parents 
within  the  next  ten  years  left  the  three  Hoover  children 
to  the  care  of  various  kindly  Quaker  relatives.  As  a  result 
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Herbert  spent  his  boyhood  in  many  different  homes  in 
the  Western  and  Middle  Western  states.  When  the  time 
approached  for  him  to  consider  the  selection  of  his  life 
work,  a  chance  visit  from  an  old  friend  of  his  father's  had 
much  influence  on  the  boy's  choice.  This  man,  a  mine- 
owner  and  probably  a  mining  engineer,  gave  such  interest- 
ing accounts  of  scientific  mining  methods  that  the  boy 
announced  his  intention  of  making  mining  his  profession. 
Fortunately,  a  new  university  which  emphasized  scientific 
training  was  just  opening;  and  thus  it  happened  that 
Herbert  Hoover  was  enrolled  in  the  first  class  to  enter 
Stanford  University,  at  Palo  Alto,  California. 

Herbert  Hoover's  life  at  the  university,  while  not  re- 
markable in  any  way,  did  show  the  development  of  cer- 
tain characteristics  which  distinguished  his  later  career. 
One  was  his  marked  gift  for  organization,  which  at  college 
served  the  double  purpose  of  earning  the  money  to  meet 
his  college  expenses  and  of  putting  the  financial  affairs  of 
his  class  on  a  secure  basis.  Another  was  his  thoroughness. 
In  addition  to  his  classroom  work  in  geology,  in  which  he 
always  excelled,  he  spent  two  summers  with  the  United 
States  Geological  Survey  in  the  (California)  Sierra  Nevada 
Mountains.  The  training  received  there  proved  an  im- 
portant factor  in  his  subsequent  advancement. 

After  graduation  in  1895  Hoover  worked  for  several 
months  as  a  common  miner.  Then  he  sought  emplo3mient 
with  Louis  Janin,  the  most  prominent  mining  engineer  on 
the  Pacific  coast.  The  thoroughness  of  his  field  work  and 
the  accuracy  of  his  reports  soon  made  him  a  valuable 
member  of  the  Janin  organization. 

In  1898,  when  Hoover  was  twenty-three,  a  great  mining 
boom  came  to  West  Australia.    A  British  firm  asked 
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Mr.  Janin  to  send  them  an  experienced  engineer  to  intro- 
duce American  methods  in  the  new  fields  in  Australia. 
Mr.  Janin  immediately  sent  Hoover,  who  spent  the  next 
eighteen  months  in  Australia  as  engineer  for  the  group. 
Later  he  acted  as  general  manager  of  an  important  mine, 
during  which  time  he  was  tendered  the  position  of  Chief 
Engineer  of  the  newly  created  Department  of  Mines  in 
China. 

Between  the  last  two  appointments  Hoover  spent  some 
months  in  the  United  States  on  important  mining  engi- 
neering jobs  and  the  day  before  leaving  for  China  he  was 
married  to  Miss  IjOu  Henry,  who  had  been  his  former  class- 
mate at  Stanford  University. 

The  young  couple  found  much  of  interest  in  their  travels, 
for  Hoover  spent  the  next  nine  months  in  exploration  of 
the  interior  of  China.  But  this  pleasant  period  was  brought 
to  an  end  by  the  growing  hostility  to  foreigners,  which 
flamed  out  in  the  Boxer  Rebellion.  Hoover  and  his  engi- 
neering staff  came  into  the  foreign  settlement  at  Tientsin 
for  safety  in  the  storm,  and  being  the  only  engineers  in  the 
settlement  they  were  promptly  enlisted  by  the  military 
authorities  to  take  charge  of  building  barricades  and  de- 
fenses, providing  water  and  supplies.  In  addition  they 
undertook  to  feed  and  protect  some  thousands  of  pro- 
foreign  Chinese  who  had  also  flocked  to  the  settlement  for 
protection.  For  three  weeks  the  settlement  was  under 
continuous  bombardment,  at  the  end  of  which  time  rein- 
forcements came  from  the  outside  and  Hoover  was  again 
free  to  attend  to  his  own  private  affairs.  But  the  Chinese 
government  had  disappeared  and  his  job  was  ended. 

He  was  then  engaged  as  chief  engineer  to  a  large  mining 
and  transportation  company,  and  after  a  visit  of  some 
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months  in  the  United  States,  he  again  served  in  China  for 
a  year,  but  bitter  quarrels  amongst  the  owners,  and  the 
failure  of  some  of  the  foreign  elements  to  treat  the  Chinese 
fairly,  caused  him  to  resign  and  return  home  to  California. 
He  then  opened  a  practice  as  international  consulting  en- 
gineer and  administrator  of  industrial  concerns  scattered 
over  the  entire  world.  With  the  coming  of  his  two  sons 
there  was  the  necessity  of  more  settled  existence  and  he 
established  a  home  at  Stanford  in  1910,  and  worked  out- 
ward from  the  United  States  entirely,  going  abroad  some 
months  of  each  year  in  direction  of  a  group  of  engineers 
with  whom  he  surrounded  himself  in  various  offices  in 
San  Francisco,  New  York,  London,  Petrograd,  Mandalay, 
and  elsewhere. 

In  1914  he  was  requested  by  the  directors  of  the  Panama- 
Pacific  Exposition  at  San  Francisco  to  go  to  Europe  and 
enlist  the  support  of  European  governments  in  the  Ex- 
position, and  thus  he  was  in  Europe  at  the  outbreak  of 
the  World  War.  Hundreds  of  Americans  found  themselves, 
because  of  the  moratorium,  unable  to  get  money.  Again 
Hoover  came  to  the  relief  of  his  countrymen.  Hastily 
gathering  a  few  friends  to  aid  him,  he  advanced  money 
on  checks  drawn  by  hundreds  of  unknown  Americans  on 
banks  almost  equally  unknown  to  him,  and  secured  pas- 
sage on  already  overcrowded  ships  for  many  who  had 
themselves  been  unable  to  secure  accommodations. 

It  is  little  wonder,  then,  that  when  the  magnitude  of 
the  struggle  began  to  be  realized,  Herbert  Hoover  was 
again  appealed  to  for  help,  first  in  relieving  the  civilian 
population  of  invaded  Belgium,  then  in  a  wider  field.  In 
undertaking  the  work.  Hoover  put  aside  his  own  business 
interests,  not  only  "for  the  duration  of  the  war,"  as  the 
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soldier  did,  but  for  the  days  following  the  armistice,  when 
his  work  was  even  more  necessary. 

No  brief  biography  can  more  than  mention  the  work 
done  by  Hoover  on  the  Commission  for  Belgian  Relief, 
as  Food  Administrator  for  the  United  States,  and  as  chief 
of  the  American  Relief  Administration.  Volumes  have 
already  been,  and  more  will  be,  written  on  this  work. 
Hoover  and  his  associates  saved  the  lives  of  whole  nations; 
they  fought  not  only  starvation  but  anarchy;  they  made 
possible  the  rehabilitation  of  the  war-torn  countries. 

Then  Hoover  came  home  to  be  an  American  private 
citizen  again.  He  would  accept  no  decorations  and  no 
special  honors.  But  the  people  of  the  nations  he  saved 
are  not  likely  soon  to  forget  him.  At  a  special  ceremony 
after  the  armistice,  the  king  of  the  Belgians  solemnly  pro- 
nounced him  "Citizen  of  the  Belgian  Nation  and  Friend 
of  the  Belgian  People,"  and  many  citizens  in  countries 
other  than  Belgium  still  hold  in  grateful  memory  this  man 
who  has  proved  himself  a  citizen  of  the  world  and  a  friend 
to  all  its  people. 

John  Hays  Hammond  (1855-       ) 

The  splendor  of  King  Solomon's  court  has  come  to 
be  a  basis  for  all  comparison  of  luxury.  Second  only  to 
"Solomon  in  all  his  glory"  is  the  Queen  of  Sheba,  who 
brought  to  him  her  gifts  of  gold ;  and  we  read  in  the  Old 
Testament  story  of  hundreds  of  slaves  bringing  this  gold 
from  mines  in  the  "land  of  Ophir."  But  where  was  this 
land  of  Ophir?  When  H.  Rider  Haggard  located  these 
mines  in  southern  Africa,  the  reading  world  considered  it 
merely  a  part  of  the  novelist's  fiction.  But  can  we  refuse 


190  THE  ENGINEER 

to  accept  the  statement  of  a  mining  engineer  of  unques- 
tioned authority?  ''No  possible  question  exists  that  it 
was  in  what  is  now  called  Southern  Rhodesia  that  King 
Solomon  and  the  Queen  of  Sheba  got  their  quantities  of 
gold."  In  this  sentence  we  have  the  definite  assertion  of 
John  Hays  Hammond. 

The  end  of  the  last  century  saw  the  opening  up  of  the 
great  resources  of  the  continent  of  Africa.  In  this  develop- 
ment no  name  is  better  known  than  that  of  Cecil  Rhodes, 
the  man  whose  wealth  today  makes  possible  the  Rhodes 
scholarships ;  and  this  wealth  was  taken  largely  from  the 
gold  mines  of  South  Africa.  Of  course  such  an  under- 
taking required  the  aid  of  skilled  engineers,  of  whom  the 
best-known  was  John  Hays  Hammond. 

Born  in  San  Francisco  in  1855,  Hammond  was  educated 
in  the  West  until  he  entered  the  Sheffield  Scientific  School, 
at  Yale  University.  He  followed  this  training  by  attend- 
ance at  the  Royal  School  of  Mines  at  Freiberg,  Germany, 
where  he  decided  to  make  gold-mining  his  specialty.  Then, 
returning  to  America,  he  gained  much  experience  in  the 
gold  fields  of  the  Pacific  coast  and  of  Mexico. 

Hammond's  first  work  in  Africa  was  for  the  rival  of 
Cecil  Rhodes,  Barney  Barnato,  the  diamond  king.  The 
policies  of  the  engineer  and  his  employer  not  being  in 
agreement,  however,  Hammond  left  Barnato,  and  was 
immediately  employed  by  Cecil  Rhodes  to  take  charge 
of  and  develop  all  his  mining  properties.  At  that  time 
Hammond  was  probably  the  highest-salaried  mining 
engineer  in  the  world. 

In  1894  Hammond  and  Cecil  Rhodes  made  the  journey 
northward  from  the  Transvaal  to  the  mines  in  Southern 
Rhodesia.  There,  for  a  distance  of  about  a  thousand  miles. 
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they  found  stretches  from  ten  to  twenty  miles  in  length 
that  had  been  excavated  by  the  ancients.  Examination 
convinced  them  that  the  mines  had  been  abandoned  sud- 
denly, but  not  because  they  were  exhausted.  Although 
it  was  estimated  that  at  least  a  hundred  million  dollars' 
worth  of  gold  had  already  been  taken  out,  there  was 
plenty  left.  Upon  the  advice  of  Hammond,  Rhodes  de- 
cided to  bring  in  modem  machinery  and  explosives,  re- 
open the  mines,  and  go  on  from  where  King  Solomon 
and  the  Queen  of  Sheba  had  left  off.  All  this  was  done, 
and  again  we  have  Hammond's  statement  that  today 
"the  mines  of  the  Scriptural  Ophir  are  yielding  some- 
thing like  twenty  million  dollars'  worth  of  gold  a  year." 

Another  member  of  the  party  who  visited  the  mines  in 
Rhodesia  was  Dr.  Jameson  of  Kimberley.  This  is  the 
man  who  in  1895  led  a  raiding  party  into  the  Transvaal. 
He  was  obliged  to  surrender  to  the  Boers,  and  escaped 
death  at  their  hands  only  by  being  handed  over  to  Eng- 
land for  punishment.  As  a  result  of  this  raid  many  of 
Jameson's  friends  and  associates  were  suspected  by  Presi- 
dent Kriiger.  Among  them  was  John  Hays  Hammond, 
who  was  arrested  and  condemned  to  death.  After  long 
negotiation,  however,  a  ransom  of  two  hundred  and  fifty 
thousand  dollars  was  accepted  by  the  Boers. 

Long  experience  in  mining  operations  in  many  countries 
(the  last  of  which  was  Russia  just  before  the  World  War) 
has  convinced  Hammond  that  certain  characteristics  are 
necessary  for  any  man  who  contemplates  mining  engineer- 
ing as  a  profession.  These  he  sums  up  as  follows : 

He  must  be  physically  robust.  He  must  have  the  restless 
temperament  of  the  explorer, . .  .  [who  is]  adaptable  to  strange 
conditions.  He  must  be  a  leader  of  men. ...  He  must  have  sure, 
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instantaneous  judgment ;  . . .  endless  courage ;  an  indifference 
to  criticism  inspired  by  animus,  and  to  erroneous  public  opinion. 
Most  important  of  all,  he  must  be  honorable,  meticulously 
scrupulous  in  the  handling  of  property  intrusted  to  his  care. 


Charles  M.  Schwab  (1862-       ) 

From  stage-driver  to  steel  magnate ;  from  stake-driver 
to  master  builder, —  that  is  the  story  of  a  boy  born  in  the 
little  town  of  Williamsburg,  Pennsylvania,  in  1862.  Later 
his  parents  moved  to  Loretto,  a  village  at  one  of  the  high- 
est points  in  the  Allegheny  Mountains.  There  Charles 
M.  Schwab  went  to  school,  and  there  he  earned  his  first 
money,  driving  the  village  stage.  In  later  years,  after  he 
had  acquired  wealth,  Schwab  returned  there  to  build  him- 
self a  house  rivaling  a  castle  in  splendor  and  surrounded  by 
lawns  and  gardens  of  great  beauty. 

As  a  young  man  he  went  to  Pittsburgh  and  gained  em- 
plojrment  in  one  of  the  numerous  firms  controlled  by 
Andrew  Carnegie.  Although  his  first  job  was  the  very 
humble  one  of  driving  stakes  for  the  surveyors,  his  ad- 
vancement was  rapid.  He  became  one  of  Carnegie's  "lieu- 
tenants," and  was,  in  turn,  engineer,  assistant  manager, 
manager,  and  general  superintendent.  By  1901  he  was 
president  of  the  United  States  Steel  Corporation,  the 
largest  producer  of  steel  in  America. 

Then  Schwab  turned  to  shipbuilding;  and  when  the 
World  War  broke  out,  his  firm  was  the  leading  producer 
of  heavy  armor  plate  for  battleships  and  of  heavy  guns. 

The  story  of  Schwab's  war  work  is  particularly  strik- 
ing. Before  the  United  States  entered  the  World  War, 
his  company  supplied  the  Allies  with  huge  quantities  of 
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ammunition.  It  is  well  known  that  he  held  contracts, 
especially  from  Great  Britain,  for  hundreds  of  millions  of 
dollars, —  contracts  that  Germany  would  gladly  have  paid 
much  more  to  see  canceled. 

When  the  United  States  entered  the  World  War,  Presi- 
dent Wilson  asked  Schwab  to  be  Director-General  of  the 
United  States  Shipping  Board.  An  enormous  shipbuild- 
ing program  was  undertaken  and,  thanks  to  the  ingenuity 
of  Charles  M.  Schwab,  successfully  carried  out.  The  task 
of  directing  thousands  of  workers,  many  of  them  entirely 
untrained,  in  the  midst  of  the  uncertainties  of  a  war  period 
was  one  requiring  not  only  knowledge  of  shipbuilding  but 
even  greater  knowledge  of  men.  The  loyalty  of  the  hun- 
dred thousand  workmen  in  the  employ  of  the  Bethlehem 
Steel  Corporation,  of  which  he  is  chairman,  is  a  pro- 
nounced factor  in  its  prosperity  and  in  the  success  of  its 
manager. 

Schwab  has  always  been  one  of  the  chief  exponents 
of  good  human  relations  in  industry.  In  one  public  ad- 
dress he  said : 

Today  the  achievements  of  the  engineer  are  among  the 
wonders  of  the  world.  But  I  do  not  mean  engineering  in  the 
mechanical  sense  alone.  The  people  who  labor  are  human 
beings,  full  of  sentiments,  hopes,  and  aspirations.  Therefore, 
the  fundamental  problem  of  all  industry  is  to  relate  the  human 
elements  so  that  the  whole  process  will  go  forward  without 
hitch  or  trouble. 

He  believes  that  only  by  such  an  adjustment  between 
laborer  and  employer  will  the  industrial  world  go  forward 
to  greater  things. 
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